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INTRODUCTION. 

Maupas  ('39)  was  on©  of  tha  first  to  suggest  dif- 
ferences between  nearly  related  species  of  Infusoria  in 
respect  to  their  tendency  to  conjugate.  He  found  for  example, 
that  Colpldlum  colpoda  would  con:jugate  more  readily  than  the 
similar  species  C.truncatum.  Like  differences  ha.ve  been 
shown  by  later  investigators  to  obtain  in  other  genera, as 
in  the  two  species  of  Colpoda  studied  by  Snriques  ( '08).  It 
had  long  been  known, too, that  cultures  of  the  same  species 
differ  much  as  regards  susceptibility.  Most  authors  attribu- 
ted these  differences  to  environmental  factors, as  mixed  cul- 
tures of  uncertain  derivation  were  used  in  most  cases.  As 
pure, or  "pedigreed" , races  began  to  be  used  htese  cultural 
diversities  were  conceived  of  as  having  possibly  a  racial 
basis.  If  diversities  with  respect  to  size, shape  and  divi- 
sion rate  have  their  origin  in  heredity, may  it  not  be  that 
differences  in  the  ability  to  conjugate  are  based  upon  here- 
ditary factors? 

This  view  has  led  to  some  controversy  in  recent 
years  in  regard  to  the  existence  of  so-called  "non-conjuga- 
ting races", calling  into  question  the  universality  of  ferti- 
lization amongst  the  Infusoria.  That  the  process  m.ay  be 
postponed  indefinitely  in  Paramoecium  aurelia, provided  the 
cultural  conditions  are  kept  uniform  and  favorable, seems 
probable  in  the  light  of  Woodruff's  extended  work, for  he 
maintained  one  strain  thru  more  than  six  thousand  genera- 
tions without  conjugation  (1917),  This  same  race  of  organ- 
isms was  subjected  to  conditions  which  favor  conjugation 
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with  positive  results  (Woodiniff , '14 ),  It  would  appear  from 
these  results  that, in  Par.aurelia  at  least, the  occurence  of 
conjugation  is  facultative  under  vmiform  conditions  of  en- 
vironment. Other  reports, moreover, would  Indicate  that  con- 
jugation is  possibly  lacking  in  the  life-history  of  some 
races  of  Paramoecium,or  recurrent  only  after  very  long  time 
intervals  in  others.  Thus  Jennings  (10)  maintains  that  there 
exist  in  these  organisms  striicing  racial  differences  with 
respect  to  conjugation.  In  some  of  the  strains  employed  in 
his  work  normal "epidemics"  occurred  frequently, sometimes 
apparently  under  uniform  conditions  of  existence, in  some  only 
Infrequently, and  in  others  not  at  all.  He  emphasized  also 
growth  and  nutrition  as  important  factors  in  regulating  con- 
jugation. Thus  a  period  of  rapid  multiplication  followed  by 
a  decline  in  the  division  rate  usually  gave  an  epidemic  of 
conjugation  in  the  majority  of  cases,  A  preliminary  period 
of  semi-starvation  (reduction  in  division  rate)  of  two  weeks 
or  longer  made  the  organisms  more  susceptible  when  the  above 
mentioned  procedure  was  followed.  Some  few  cultures  (races) 
failed  to  yield  conjugants  even  when  the  most  favorable 
conditions  were  afforded.  Two  species  of  Paramoeclum  (cauda- 
tum  and  aureiia )  were  used  in  his  work — and  the  same  kind 
of  differences  were  found  in  each: there  were  races  which 
conjugated  freely, of ten  at  frequent  intervals, others  wftlch 
did  not;altho  P.caudatum  showed  less  frequent  epidemics  and 
was  characterized  by  a  greater  number  of  the  so  called 
"non-conjugating  "  races. 

The  process  of  nuclear  reorganization, or  endomixls, 
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discovered  by  Hertwig  (  '89), and  worked  out  by  'Woodruff  and 
Erdmann  ('14  and  »1G), would  seem  to  suffice  in  maintaining 
the  normal  vegetative  processes  in  Paramoeclura  in  the  entire 
absence  of  conjugation.  Even  in  such  a  form  as  the  hypotri- 
chate  Uroleptus, according  to  the  work  of  Calkins  (  '19, two 
papers ), conjugation  is  probably  not  essential  to  the  contin- 
ued life  of  the  race,  For,altho  a  nuclear  reorganization 
process  occurs  only  within  the  cyst, animals  can  be  derived 
from  the  cysts  which  develop  with  the  same  renewed  vigor  as 
characterizes  exconjugants. 

The  direct  effect  of  altered  environmental  condi- 
tions in  determining  conjugation  was  more  strongly  emphasized 
by  Enriques  ('OS)  who  employed  solutions  of  electrlytes  to 
induce  epidemics  of  conjugation  in  Oryptochilura  nigricans. 
His  studies  led  him  to  believe  that  the  process  is  in  no  way 
bound  up  with  an  inferred  ''life-oycle'',and  so  is  not  depen- 
dent primarily  upon  Internal  factors.  This  same  general  method 
was  adopted  later  by  Zweibaum  (  *12  )  in  a  careful  study  of 
a  race  of  Paramoeciura  caudatum.  During  the  early  history  of 
this  race  conjugation  could  be  induced  to  occur  at  times 
simply  by  subjecting  samples  of  the  flourishing  cultures 
to  the  action  of  certain  salt  solutions.  Later  It  was  foumd 
necessary  to  subject  the  cultures  to  a  preliminary  period  of 
partial  starvation  (  "disette** )  lasting  from  5  to  5  weeks, 
cultures  Tjhich  had  been  maintained  under  conditions  of  steady 
growth  (  "cultures  continuative"  )  no  longer  gave  conjugants 
when  treated  with  salts, except  in  rare  instances, and  then  in 
very  small  numbers.  Trom  the  "dormant"  cultures, however, con- 
Jugants  were  readily  obtained  after  allowing  the  organisms 
to  multiply  rapidly  in  a  rich  culture  medium, changed  every 


three  or  four  days  during  a  period  of  about  one  week, then 
8Ub;}ectlng  them  to  the  action  of  th«  salt  solutions  in  opti- 
mal concebtrations  ( as  determined  previously  by  experiment ). 
This  last  process  la  to  be  carried  out  with  large  numbers 
of  Paramoecia,in  a  small  culture  dish, the  organisms  being 
thus  limited  to  a  small  amount  of  nutriment.  The  solutions 
of  salts  are  then  added  in  the  ratio  of  three  parts  of  salt 
solution  to  one  part  of  culture  (15  cc.;5  cc).  The  essential 
steps  in  the  procedure  are  seen  to  be  those  laid  down  by 
Maupas — with  an  added  factor, namely, the  treatment  with  a 
chemical  reagent.  In  general  the  chlorides  of  aluminium, gold 
and  ferric  iron, and  the  salts  of  sodium, were  found  to  be  most 
effective.  Just  what  role  the  electrolytes  may  serve, whether 
as  an  additional  stimulant, or  in  some  other, more  specific  way, 
is  not  clear.  Hypertonic  solutions  of "tap-water ", or  of  glucose, 
produce  like  results  to  a  lesser  degree; but  they  act  apparent- 
ly by  inoreaslng  the  osmotic  oontratlon  of  the  medium, so  that 
their  effect  is  probably  not  a  specific  one  in  the  chemical 
sense.  The  result  produced  by  any  one  of  these  reagents  is 
to  augment  the  intensity  of  conjugation  ( Increase  the  proportion 
of  conjugating  animals), for  a  small  percentage  of  individuals 
may  conjugate  in  a  culture  to  which  water  alone  has  been  added 
$.n  place  of  salt  solution), or  sometimes  even  in  the  main 
culture  which  had  been  renewed  with  hay  infusion. 

In  ihe  light  of  this  recent  vovla   in  which  refined 
m.ethods  of  experimentation  were  employed  successfully  with 
one  race, the  question  has  been  asked  whether  we  cannot  by 
such  means  Induce  conjugation  in  any  race  of  Infusoria.  As 
applied  to  Paramoeclum  in  particular — are  there  any  racial 


diffarancfts  In  raspact  to  conjugation, or  ar«  tho  allagad 
divarsltlas  environmantal  In  origin?  Aocording  to  Zwelbaum 
we  ought  to  ba  able  to  Induce  conjugation  In  any  Tacf  of 
Paramo eclum  caudatvun  by  using  those  methods  which  he  finds 
most  effective; for  ha  holds  that  all  supposed  racial  diver- 
sities,such  as  those  described  by  Jennings  and  HargittClO) 
for  size, result  from  cultural  differences.  To  state  his  po- 
sition more  clearly,!  quote  from  p. 276  of  his  paper — 

"Dernlereraent  encore  pour  las  Paramaecies 
Jennings  determine  diverses  races — Injustement  a 
mon  avis — et  affirme  que  les  conditions  de  conju- 
gaison  different  considerablement  selon  ces  races. 
L»auteur  deplace  ainsi  le  centre  de  gravlte  de  la 
question  sans  ajouter  une  conception  nouvello  at  un 
determinisraa  posltif  dans  les  considerations  de  con- 
jugaison  chez  les  Paramaecies". 
And  again, in  summarizing  the  conditions  which  he  considers 
sufficient  for  conjugation  in  Par.caudatum,he  writes(p.292  ) — 
"Corame  conclusion  nous  pouvons  dire  que  les 
Paramaecies  que  Jennings  et  Hargltt  croyent  appar- 
tenlr  a  des  races  dl verses, sa  con^ugueront  tou Jours, 
lorsque  apres  avoir  passe  par  un  e'tat  de  dlsette  pro- 
longee  de  5-6  3emalna8,on  rempllra  les  autres  con- 
ditions necessairas — a  savoir — la  dlsette  comme 
agent  de  1 'action  instantanee,la  temperature  de  20^ 
23"*C  et  la  composition  du  milieu  (voir  2eme  partia). 

"Co  qu'on  dlt  etre  des  races  diverses  de 
Pararaaacium  n*est  que  le  resuitat  de  la  quantite 
de  la  nourriture". 
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It  Is  apparent  from  these  statements  that  Zweibaura 
holds  that  the  conditions  for  conjugation  as  worked  out  for 
one  race  of  Paramoecium  apply  to  all  other  races  of  the  same 
species — at  least  in  P.caudatum;and  he  strongly  In  clines 
toward  the  view  that  conjugation  is  regulated  primarily  thru 
environmental  conditions.  This, at  any  rate  is  the  view  ex- 
pressed by  finriques  (on  the  basis  of  Zweibaum's  work  )  for 
he  did  not  see  fit  to  change  his  original  point  of  view, 
believing  that  the  preliminary  period  of  semi-starvation, 
of  5  to  6  weeks, to  which  the  Paramoecia  were  subjected  was 
but  a  step  in  the  experimental  procedure, making  the  organisms 
more  susceptible  to  the  effects  of  the  salts. 

The  present  study  was  undertaken  mainly  with  this 
object  In  view: to  ascertain  whether  the  so  called  "conditions 
for  conjugation"  worked  out  for  one  race  of  Paramoecivun  are 
effective  for  other  races, and  in  general, to  determine  so  far 
as  possible  the  differences  in  the  conditions  required  to  in- 
duce conjugation  in  different  races.  An  attempt  was  made, 
also,  to  find  out  whether  the  various  races  under  observation 
were  characterized  by  different  time  intervals  between  conju- 
gation periods, or  as  we  might  say, by  diverse  "sexual  perio- 
dicities". Jennings  (  '10)  called  attention  to  such  apparent 
periodicities  in  certain  races  of  P.aurelia.  His  studies  on 
P. Cauda turn, while  less  extensive, indicated  that  in  some  races 
of  this  species  conjugation  occurs  at  Intervals  of  several 

1.  See  Zweibaura  ( '12  ), footnote  by  Enrlques, pp. 346-347. 


months, or  perhaps  years.  The  Importance  of  further  work  re- 
lative to  this  point  was  felt  more  keenly  in  view  of  the  grea- 
ter perfection  attained  in  the  experimental  (or  environmental) 
study  of  conjugation.  Even  in  other  groups  of  organisms  the 
study  of  natural  periodicities  in  respect  to  sexual  activity— 
apart  from  environmental  influences — has  not  received  the 
attention  which  it  merits. 

This  worlc  was  undertaken  at  Dr. H.S.Jennings'  sug- 
gest ion, with  this  end  in  view.  I  wish  here  to  express  my 
thanks  to  Professor  Jennings  for  his  kindly  advice  and  criti- 
cism, as  well  as  for  assistance  in  the  procuring  and  rearing 
of  material  for  cultures. 

For  our  purpose  then  three  general  questions  should 
be  kept  in  mind,  (l )  Do  there  exist  differences  between 
various  races  of  Paramoecium  with  respect  to  conjugation? 
(S)  If  so, what  are  they?  (3)  From  a  comparative  study  of 
different  races  of  the  same  species, and  of  the  different 
species, what  can  be  said  in  general  regarding  hte  nature  of 
the  conditions  for  conjugation  in  the  Infusoria? 

Any  answer  to  the  third  question  must  depend, in 
part  at  least, upon  the  facts  brot  out  in  connection  with  the 
other  two.  If  constejit  natural  differences  in  the  time  inter- 
val between  successive  epidemics  of  conjugation  in  different 
races  and  species  can  be  demonstrated, it  would  coincide 
better  with  the  view  that  conjugation  is  primarily  a  function 
of  some  Internal  f actors, altho  of  course  it  would  not  exclude 
the  setting  In  operation  of  these  factors  by  environmental 
conditions.  The  complete  subordination  of   conjugation  to  di- 
rect environmental  conditions  might  lead  us  to  regard  the 
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process  as  mainly  ©nvlronraontal  In  its  origin, and  perhaps 
directly  adaptive  in  its  functional  significance. 

MATERIAL  AND  METHODS. 

Twenty-four  races  of  Paramoecium,each  derived 
originally  from  a  distinct  individual, were  used  in  the  course 
of  this  wor}c;eleven  representing  P.caudatumjatid  thirteen, 
P.aurella.  Many  ottier  races  were  Isolated, but  owing  to  unfa- 
vorable culture  conditions  died  out  before  reaching  the 
"mature"  condition  of  old  cultures. 

This  dying  out  of  unbalanced  cultures  is  condi- 
tioned largely  by  the  racial  characteristics  of  the  protozoan 
isolated, it  being  ill  adapted  to  the  conditions  of  growth 
supplied  in  the  laboratory.  This  is  shown  by  the  fact  that 
other  races  which  were  reared  with  difficulty  to  the  condi- 
tion of  stable  cultures  In  the  beginning  were  found  to  show, 
some  months  later, this  same  inability  to  develop  rapidly 
when  isolated  individuals  were  reared  again  under  rich  culture 
conditions.  Deleterious  strains  of  bacteria  undoubtedly  serve 
as  the  Immediate  cause  of  the  death  of  a  culture  In  most  cases, 
but  the  diversities  between  races  of  protozoans  as  regards 
resistance  must  be  taKen  into  account  in  order  to  understand 
why  one  succumbs  in  an  environment  in  which  another  grows 
and  apparently  thrives.  If  two  races  distinct  in  size, one 
of  Par.caudatum,the  other  of  aurella,are  reared  together  in 
the  same  culture  dish, hence  in  the  same  medlumpne  may  survive, 
the  other  die, or  both  may  live  together.  Like  differences  un- 
doubtedly exist  between  races  of  the  same  species; for  my  worK. 


9 

indicates  thatsuch  rac^s  show  constant  natural  differences 
as  regards  their  resistance  to  specific  reagents  and  their 
ability  to  grow  readily  in  slide  cultures  as  well  as  in  mass 
cultures. 

During  the  course  of  development  of  these  cultures 
account  was  taken  of  races  under  similar  growth  conditions 
in  order  to  determine  in  advance  which  ones  were  subject  to 
periodic  epidemics  of  conjugation, and  the  nature  of  these 
rhythmic  changes, so  as  to  compare  their  behavior  under  usual 
conditions  with  that  to  be  obtained  iiter  in  the  experiments. 
certain  cultures  were  subjected  to  daily  observation  for 
weeks  at  a  time  with  this  object  in  view, and  record  kept  of 
sporadic  occurrences, and  of  conjugation  en  masse.  This  re- 
vealed what  races  were  subject  to  frequent  epidemics, and  in 
what  ones  conjugation  was  rare  or  lacking.  Most  of  these  ob- 
servations were  made  daily  under  a  binocular  microscope  of 
wide  field  of  vision, upon  cultures  growing  in  Stender  dishes 
measuring  5  cm. ,6  cm. and  10  cra.ln  diameter — so  that  any  but 
rare  conjugating  pairs  could  hardly  be  overlooked.  The  same 
method  of  daily  observation  was  adopted  during  the  course 
of  experiments  rlth  small  cultures, and  since  these  cultures 
were  comparatively  free  from  sediment  it  was  an  easy  matter 
to  conduct  thoro  observations  upon  them  during  the  few  days 
required  for  each  experiment. 

Many  of  the  experiments  referred  to  in  this  paper 
were  carried  out  after  the  procedure  recommended  by  Zweibaum 
(see  p.  3  J, using  salt  solutions, with  the  object  of  showing 
whether  each  race  would  not  yield  conjugants  when  the  condi- 
tions which  he  found  most  favorable  were  supplied.  For  this 
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purpose  sub-cultures  were  derived  from  the  main  cultures  by 
diluting  50  to  100  cc.  of  the  cultiire  containing  many  Para- 
moecia  with  an  equal  part  of  distilled  water.  These  were 
allowed  to  stand  for  several  weeks  %s "dormant  cultures", with 
very  little  nutriment, at  the  end  of  which  time  hay  infusion 
was  added,  5>uch  cultures  to  which  hay  infusion  has  been  ad- 
ded to  induce  rapid  multiplication  will  be  referred  to  as 
"renewed  cultures".  After  about  the  fifth  day  portions  of 
these  cultures  were  treated  with  salt  solutions  in  small  Sten- 
der  dishes. 

The  renewed  cultures  of  P.aurelia  often  yielded 
about  as  many  conjugating  pairs  as  the  smaller  (experimental) 
cultures  derived  from  them, and  treated  with  salt  solutions. 
It  was  found  further  that  certain  inorganic  salts  added  to 
the  renewed  cultures  directly, i.e. immediately  following  the 
period  of  dormancy, at  the  time  of  renewal,  made  these  orga- 
nisms (P.aurelia)  more  susceptible  to  conjugation  after  the 
preliminary  period  of  multiplication  of  about  five  days. 
Small  watch-glass  cultures  derived  from  these  usually  yielded 
conjugants  earlier — after  the  third  or  fourth  day  fdELowing 
renewal  of  the  main  culture, — but  the  renewed  cultures  them- 
selves often  yielded  just  as  many  pairs  after  the  fifth  day, 
showing  that  the  sudden  change  brot  about  thru  such  "isola- 
tion experiments"  Is  not  an  essential  condition  for  the 
appearance  of  conjugation. 

In  general  it  may  be  said  that  large  cultures  of 
Paramo ecium, of  either  species,  give  fewer  conjugating  pairs 
than  small  cultures  of  the  same  race  when  treated  in  a  similar 
manner.  This  condition  may  perhaps  be  attributed  to  the 
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greater  accumulation  of  organic  matter  ( sxcrotion  products  ) 
in  largo  cultures  than  In  small, and  In  part  to  the  more  uni- 
form conditidns. 

The  experimental  procedure  will  be  described  in 
greater  detail  In  connection  with  the  experiments  them-selves. 
The  culture  medium  used  thruout  during  the  course  of  this 
work  on  Pararcoecium  consisted  of  hay  Infusion.  •Tap-water* 
was  used  to  maintain  the  stock  cultures, which  were  contained 
in  battery  .jars  and  kept  at  room  temperature,  cultures  inten- 
ded for  use  in  future  experiments  were  diluted  with  distilled 
water  just  before  being  subjected  to  their  period' of  dor- 
mancy, and  at  the  end  of  liils  period  were  renewed  with  an  equal 
part  of  hay  infusion  in  distilled  water, changed  subsequently 
every  three  to  four  days.  So  after  the  multiplication  period 
of  five  days  or  longer  the  organisms  to  be  subjected  to  the 
treatment  with  salts  were  in  essentially  a  distilled  water 
medium.  Spring  water  from  a  perpetual  spring  near  the  JOhns 
Hopkins  University  campus  was  found  to  be  most  favorable  for 
maintaining  Paramoeclum  lines  on  depression-slides  (as  slide 
cultures ), for  the  organisms  are  very  sensitive  to  sudden 
changes  in  the  character  of  the  medium  such  as  attend  this 
method. 

The  various  strains  of  distinct  origin  are  desig- 
nated each  by  a  separate  number, usually  followed  by  a  small 

each 
letter.  Cultures  of  the  same  strain  or  race  derived,  from  one 

A 

individual  of  the  original  culture  (frequently  from  an  excon- 
jugant),are  designated  by  the  same  number  followed  by  a  dif- 
ferent letter.   Sub-cultures   are  often  distinguished  by  Roman 
numerals • 
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PARAMOECIUM  CAUDATUM 

I  shall  take  up  first  the  question  of  conjugation 
in  races  of  P. caudatum, because  it  was  in  a  race  of  this  spe- 
cies that  Zwelbaum  worked  out  the  conditions  which  he  claims 
to  be  equally  applicable  to  any  race  of  this  species.  For 
if  his  conclusion  Ib  valid  it  should  be  possible  to  repeat 
his  experiments  upon  various  other  strains  under  parallel 
conditions, and  thus  show  definitely  that  there  are  no  inhe- 
rent diversities  with  respect  to  con;)ugatlon.  On  the  other 
hand, if  two  races, which  have  had  the  same  environmental 
history, react  differently  under  these  same  experimental 
conditions, one  giving  eonJugants,ths  other  not, — or  even  if 
they  react  differently  to  (Dther  conditions  vrhich  have  been 
shown  to  favor  conjugation  In  some  one  race, — then  we  have 
evidence  for  racial  diversities. 

The  following  series  of  experiments  with  three 
races  of  P.caudatum  are  illustrative  of  others  which  were 
carried  out  at  other  times  with  the  same  races  under  less 
parallel  conditions.  Experiments  with  salt  solutions  found 
by  Zwelbaum  to  be  most  effective  In  his  work, were  conducted 
upon  each  strain, on  the  same  days  (table  I).  Cultures  6aII 
and  Sail  had  been  dormant  since  Mar. 28.1919*  A  culture  17aII 
(containing  also  individuals  of  a  race  of  P.aurella,13a )  had 
been  dormant  since  Apr. 5,  On  May  8  the  first  of  these  cul- 
tures was  renewed, and  on  the  following  day  the  other  two 
cultures.  Experiments  were  set  on  May  13  from  samples  of 
each  culture, using  NaN03  and  Feci3  solutions:and  these  gave, 
in  the  case  of  5aII  and  6aII  no  conJugants,in  17aII,howeve-r, 
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conjugation  to  tho  extent  of  30-50?^  (May  14),  conjugants 
were  found  In  smaller  numbers  (2-5^)  In  the  renewed  culture 
of  ITall  to  which  no  salts  had  been  added, so  that  the  results 
obtained  with  this  race  are  clearly  comparable  to  those  ob- 
tained by  Zweibaum  In  his  experiments:  the  effect  of  the 
salts  Is  to  augment  the  Intensity  of  conjugation. 

This  same  race  had  shown  its  ability  earlier  to 
yield  con ijugants, when  another  culture, 17al, was  renewed  after 
about  ten  days  of  semi-starvation  (conjugation  on  Feb.se). 
Similar  results  were  obtained  with  a  third  culture  of  this 
racetl7aIII,on  Apr. 10  and  11, when  renewed  after  fifteen  days 
of  dormancy,  other  cultures  of  17aIII  (containing  also  indi- 
viduals of  P.aurella)  likewise  gave  con;)ugatlon  (table  II ). 

That  the  negative  results  obtained  in  the  above 
experiments  with  cultures  Sail  and  Sail  cannot  have  been 
accidental  (resulting  perhaps  from  unfavorable  culture  con- 
ditions )  seems  certain  from  the  fact  that  similar  experiments 
upon  other  portions of  these  cultures, renewed  after  longer  or 
shorter  periods  of  dormancy, all  proved  negative  (table  I). 
The  further  history  of  these  two  races  may  also  be  referred 
to  in  support  of  this  view.  Both  were  Isolated  from  the  same 
abandoned  hay  culture  on  Feb. 3, 1919, and  were  grown  under 
similar  conditions  from  the  start  (i.e.  as  stock  cultures). 
No  sign  of  conjugation  was  observed  in  either  race  during 
the  first  six  montha  of  their  history, altho  frequent  attempts 
were  made  to  bring  it  about  by  means  of  Isolation  experi- 
ments,as  well  as  thru  the  experiments  with  salts  described 
above.  The  main  cultures  were  allov/ed  to  go  dormant  from 
about  the  middle  of  July  until  October  15, 1919, on  which  day 
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they  were  renewed.  On  the  twentieth  a  few  conjugating  pairs 
(3-4)  were  observed  in  ^, and  again  on  the  twenty-second.  Not 
one  was  observed  In  _5a,  Attempts  were  made  (on  Oct. 17  and 
Oct. 23)  to  Induce  the  occurrence  of  conjugation  In  large 
numbers, by  subjecting  sub-cultures  to  the  action  of  .00002  N 
reC15  and  of  .001  N  NaN03  solutions, but  the  results  were 
negative.  It  should  be  remembered, ho v^ever, that  these  animals 
taken  from  stock  cultures  had  been  growing  in  a  medium  made 
up  with  "tap-water", and  so  perhaps  might  not  have  responded 
In  the  same  way  as  animals  in  a  pure  aqueous  medium  when 
treated  with  salts.  These  same  stock  cultures  rere  then  al- 
lowed to  undergo  another  long  period  of  dormancy  (which  may 
be  dated  from  Nov, 1,1919).  Two  sub-cultures  taken  from  these 
stock  cultures  and  renewed  with  spring  water  and  hay  infusion 
on  Dec, 12, gave  in  the  case  of  ^, one  pair  of  conjugants.ln 
6a  ,a  considerable  epidemic  of  conjugation  (1-5^)  extending 
over  a  period  of  thlrty-tliree  days.  Attempts  to  augment  the 
intensity  of  conjugation  in  the  latter  culture  by  treating 
samples  with  different  concentrations  of  FeClS  ( ,00002  N, 
.00004  N  and  ,00008  N),with  KGl  (  ,00025  N  and  ,0005  N)  and 
with  NaN03  ( .001  N)  were  ineffective; that  is, the  relative 
number  of  pairs  obtained  in  these  experiments  was  not  greater 
than  in  the  renewed  culture, 

A  quite  different  state  of  affairs  was  found  to 
ensue  during  the  later  history  of  I7a  ,  As  pointed  out  above 
this  race  proved  susceptible  to  conjugation  during  its  early 
development .  cultures  17aI,II  and  III  taken  at  different 
times  from  the  same  stock  culture  (which  was  started  on 
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Jan. 17, 1919  from  on©  individual)  yielded  con;)ugant8  very 
readily  when  renewed  after  two  or  three  weeks  of  semi- 
starvation  (tables  I  and  II).  The  general  effect  of  adding 
salts  to  the  medium  wasto  intensify  conjugation  In  accordance 
with  the  results  of  Enriques  and  Zweibaum.  After  four  months 
of  cultivation, however, no  more  conjugants  were  obtained  in 
the  experiments  with  this  race.  The  culture  17aV, derived 
from  17aIII  (which  had  been  continued  as  the  stock  culture), 
when  renewed  on  June  28  after  lying  dormant  for  one  month, 
gave  no  conougants,aid  experiments  with  salt  solutions  (FeC13 
and  NaN03)  such  as  were  found  to  be  effective  in  earlier 
experiments  with  this  race, gave  negative  results,  A  sub- 
culture, taken  from  the  main  culture  17al II, after  it  had  lain 
dormant  for  two  months, when  renewed  on  Sept ,19  gave  only  one 
pair  of  conjugants.  The  main  culture  Itself  ( 17aIII )  renewed 
on  Oct. 15, after  three  months  of  dormancy, gave  no  conjugants, 
altho  samples  were  treated, as  in  the  case  of  S^a  and  6a  (p»14X 
with  solutions  of  Fee 15  (  ,00002  N)  and  NaN03  (  ,001  N). 

Another  set  of  experiments  was  conducted  with  these 
three  races, after  more  than  a  year  of  cultivation, during  the 
month  of  March, 1920.  a  sub-culture  was  derived  from  each  of 
the  stock  cultures ,17aIIT,  6al,and  5al,  which  had  been  main- 
tained in  a  dormant  state  since  October, 1919, and  these  were 
renewed  on  Mar, 18  with  distilled  water  and  hay  infusion. 
A  good  growth  of  Paramoecia  followed.  Daily  examination  of 
the  renewed  cultures  revealed  no  conjugants  in  17aIII ,  a 
single  pair  in  6al  (on  Mar. 25), and  about  1-5;^  in  5al  between 
Mar. 22  and  27.  The  race  17a  is  thus  shown  to  be  non- 
susceptible  as  before, race  6a  much  less  susceptible  than  it 
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had  been  during  the  month  of  Dftcemt'er,  1919, whereas  5a  con- 
jugated more  readily  than  at  any  other  time  during  its  history 
Experiments  with  salt  solutions  were  found  to  give  essentially 
negative  results.  Tliree  experimental  cultures  of  each  race 
were  treated  respectively  with  NaN03  ( .001  N),A1C13  ( .00003N) 


and  FeC13  ( ,00002  N)  on  Mar. S3;  and  another  set  was  rteated 
similarly  on  Mar ,36.  The  treated  cultures  of  17aIII  gave  no 
conjugants,and  those  of  ^  and  S^a  no  more  than  could  be 
found  in  the  renewed  cultures  themselves. 

Parallel  experiments  were  likewise  conducted  with 
other  strains  of  Par.caudatum.  In  the  following  series  of 
experiments  seven  races  (other  than  the  ones  considered  above) 
were  employed  (table  III),  Each  had  besn  cultivated  under 
like  conditions  for  one  month  , during  which  time  conjugation 
occurred  in  culture  ^  on  Nov, 8  (5f^),but  not  in  any  of  the 
other  cultures.  On  Nov. 14, 1919  a  dormant  culture  was  started 
from  each  of  these  continuous  cultures  by  diluting  100  cc. 
of  culture  with  an  equal  part  of  distilled  water, a  few  pieces 
of  solid  hay  being  added  to  each  to  prevent  starvation  of  the 
Infusoria.  Tliese  seven  dormant  cultures  were  renewed  with 
hay  infusion  and  distilled  water  on  Mar, 3, 1920, changed  on 
Mar, 6  and  Mar, 8,  On  Mar. 9  conjugants  were  found  in  one  of 
these  renewed  cultures,^,  to  the  extent  of  about  5%;  on 
Mar, 12  in  culture  44a,  5-10^;  and  on  Mar, 17  in  culture  ^7a, 
about  5^,  The  animals  in  44a  continued  to  conjugate  in 
Increasing  numbers  after  the  twelfth, reaching  a  maximum  of 
30—505^  on  the  fifteenth.  A  similar, but  less  extensive, epi- 
demic manifested  Itself  in  57a  during  a  period  of  many  days, 
attaining  a  maximum  of  about lOji. 
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Expelmsnts  with  various  salt  solutions  were  started  on  Mar»9, 

A 

and  repeated  on  Mar, 13.  In  the  first  set  of  experiments.  In 
which  FeClg  and  A1C15  were  used  in  the  optimal  concentra- 
tions recommended  by  Zweibaum, negative  results  were  obtained 
(Mar.lO).  In  the  second  attempt,  A1C13  and  NaN03  were  used, 
the  first  one  in  two  concentrations, — and  this  time  also  es- 
sentially n^?:ative  results  were  obtained, for  altho  conjuga- 
tion was  already  in  progress  in  the  culture  44a,  the  relative 
number  of  conjugants  in  the  experimental  cultures  was  not 
appreciably  altered  as  a  result  of  the  treatment  with  salts. 
If  these  seven  cultures  be  compared  with  the  con- 
tinuous cultures  of  the  same  races  from  which  they  were 
derived  originally, it  will  be  seen  that  the  conditions  in  one 
set  tend  to  parallel  those  in  the  other;  that  is, conjugation 
tends  to  occur  in  two  distinct  cultures  of  the  same  race 
even  after  they  have  been  subjected  to  quite  diverse  condi- 
tions. For  in  the  continuous  culture  44a  (after  the  dormant 
culture  had  been  derived  from  it  on  Nov, 14)  conjugation  tooK 
the  form  of  an  extensive  epidemic  between  Nov, 16  and  Dec. 15; 
an'd  in  the  continuous  culture  2a  conjugation  occurred  on 
Nov. 8  (5^), and  again, in  small  numbers, on  Jan. 11  and  12,1920. 
No  conjugation  was  observed  to  occur  in  the  continuous  culture 
57a,  butin  a  sub-culture  of  this  race, which  had  been  set 
aside  dn  Oct,.^l  with  abundant  nutriment, and  allowed  to  tinder- 
go  evaporation  (method  of  Hanoe, '17 ), conjugation  occurred  to 
the  extent  of  10-20;^  on  Nov, 7, after  about  one-fourth  of  the 
culture  liquid  had  evaporated.  Another  observation  indicates 
this  race  was  very  nearly  as  susceptible  as  44a  when  the 
conditions  were  not  maintained  uniform.  Pour  lines  of  this 
race  which  had  been  cultivated  as  isolation  cultures  on 


18 

depression  slides  from  October, 1919, until  Fob. 6, 1920, after 
being  merged  to  form  a  mass  culture  gave  conjugation  on  the 
seventh  day  (Feb. 13), 

Further  consideration  of  the  development  of  these 
races  from  the  time  of  their  isolation  is  instruct ive,fer 
in  two  of  them  there  was  observed  a  periodic  recurrence  of 
conjugation  under  more  or  less  uniform  conditions  of  growth. 
In  one  race. 58a. started  as  an  exconjugant  on  Mar. 25, 1919, it 
occurred  on  May  5  (10%),  and  in  the  second  "generation* 
(i.e.the  exconjugant  race  58b, started  May  5)  on  July  14, in 
smaller  numbers  (1-59^).  No  subsequent  epidemic  of  conjugation 
has  been  observed  in  these  cultures.  The  two  races  83a  and 
59a  were  started  on  the  same  day  as  58a,  each  from  an  excon- 
jugant,and  were  grown  under  like  oo nditions;but  in  neither 
of  these  races  has  conjugation  been  observed  during  the  first 
four  months  -^en   the  cultures  were  regularly  examined, nor 
subsequently  when  examined  only  at  intervals.  Negative  results 
were  obtained  with  race  59a,  as  with  58b.  in  ttie  experiments 
referred  to  above. 

In  the  other  "periodic"  race  referred  to^44a,b,c 
and  d), conjugation  has  been  repeated  four  times.  The  original 
culture  44a  was  started  from  an  exconjugant  on  Sept. 25, 1919, 
and  gave  rise  to  an  extensive  epidemic  on  Nov, 16, which  lasted 
until  Dec .15.  This  involved  practically  all  individuals  in 
the  culture, for  as  many  as  5-10^^  of  the  Paramoecia  were  in 
union  at  any  one  time  during  most  of  this  period.  In  three 
out  of  four  cultures  of  44b,  started  from  corresponding  ex- 
con  jugants  of  44a  on  Nov, ^0,1919,  a  large  epidemic  occurred 
as  before, between  the  dates  Jan. 50  and  Feb. 23, 1920, 
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Several  new  cultures, started  on  Feb ,8  from  exconjugants  of 
44b.  were  collectively  designated  as  44o;  aid  In  two  of  these 
likewise  con;)ugation  occurred,naK:ing  its  appearance  on 
Feb»28  in  one, on  Mar, 3  in  the  other.  It  made  its  first  appea- 
rance in  several  exconjugant  strains  of  the  fourth  "genera- 
tion* (  44d,  isolated  on  Feb.??8  from  a  culture  of  44c  )  as 
early  as  the  twenty-third  of  March*  In  the  original  culture 
44a,  after  the  occurrence  of  conjugation  during  November  and 
December, no  more  conjugants  were  observed  until  Mar. 12, 1920, 
when  they  were  found  to  the  extent  of  about  5^.  Casual  pai/«  — 
^ing  occurred  subsecuently  during  a  period  of  several  days. 

It  is  important  to  compare  the  reactions  of  these 
animals  of  race  _44  with  those  of  race  _38  during  their 
respective  periods  of  conjugation.  In  the  latter  strain  a 
Blight  disturbance  in  the  culture  conditions  (addition  of 
hay  Infusion)  caused  immediate  cessation  of  the  process, 
whereas  in  the  former  it  exercised  but  a  temporary  and  par- 
tial influence  when  several  times  repeated.  We  have, as  it 
would  appear, two  strains  in  which  conjugation  tends  to  mani- 
fest itself  per iodic ally, in  one  of  which  it  is  largely  in- 
fluenced thru  the  environment, in  the  other  more  nearly  inde- 
pendent • 

The  two  races  45a  and  57a  were  derived  as  excon- 
jugants  from  the  same  source  as  44a,  on  the  same  day  (Sept ,25, 
1920).  They  were  cultivated  under  parallel  conditions  and 
examined  regularly  during  a  period  of  six  months, but  no  con- 
jugants  were  observed  in  either  of  these  continuous  cultures 
grown  under  the  same  conditions  as  44a.  During  the  course  of 
the  experiments  described  above, conjugation  occurred  in  the 
renewed  culture  of  57a  but  not  in  as  great  numbers  as  in  44a; 
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whereas  no  conjugation  took  place  in  43a  after  renewal. 

In  the  remaining  race ,8a,  used  in  these  experiments, 
conjugation  has  never  been  observed, either  In  the  experiments, 
or  in  a  continuous  culture  maintained  undar  the  same  uniform 
conditions  as  the  continuous  cultures  of  the  six  other  strains 
(listed  in  table  III ). 

It  Is  apparent  from  the  results  of  these  observa- 
tions and  experiments  with  several  strains  of  Paramoeclura 
caudatum  that  no  general  directions  may  be  formulated  by 
which  we  can  bring  about  conjugation  in  a  given  strain  at 
any  one  time.  When  various  strains  are  compared  under  the 
same  set  of  conditions  they  respond  differently:  in  some 
conjugation  occurs, in  others  it  does  not.  Only  one  of  the 
strains  (I7a)  used  in  my  experiments  may  be  regarded  as 
being  similar  to  the  strain  which  Zwelbaum  employed  in  his 
studies, and  it  responded  to  experimentation  only  during  the 
first  five  months  of  its  history.  Other  strains  were  found 
to  conjugate  readily  in  cultures  Trhich  were  renewed  with  hay 
infusion, after  they  had  undergone  a  period  of  dormancy, but 
the  use  of  salt  solutions  was  not  found  to  cause  any  appre- 
ciable increase  in  the  relative  number  of  oonjugants.altho 
these  same  solutions  had  been  foud  effective  in  augmenting 
the  Intensity  of  conjugation  in  17a. 

Others, moreover, persistently  failed  to  give  con- 
jugants  under  uniform  and  under  experimental  conditions. 
Of  these, certain  ones  (39a,  43a)  were  derived  originally 
from  exconjugants,and  so  might  perhaps  be  regarded  as  conju- 
gating strains  ;but  the  race  8a   has  never  been  seen  to  con  ju- 
gate— altho  it  has  been  under  regular  observation  only  during 
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a  period  of  six  months.  It  Is  possible  that  these  strains 
may  in  time  become  more  susceptible  to  conjugation.  Such  a 
condition  Is  indicated  in  the  two  races  5a.   aid  ^,ln  which, 
after  a  period  of  about  eight  to  ten  months  of  cultivation, 
conjugation  was  found  to  occur  in  sub-cultui'ss  renewed  after 
dorraajicy.  Previous  to  this  time  cultures  had  responded  nega- 
tively to  the  same  treatment. 

Taking  the  evidence  as  it  stands, we  would  be  foreed 
to  conclude  that  some  at  least  of  the  strainsstudled  here 
are  heritably  diverse.  Tested  by  the  experimental  methods  of 
Zweibaum, which  he  claims  would  be  effective  for  any  given  race 
of  P.caudatum,!  have  found  consistent  diversities  between 
races  as  regards  conjugation.  My  observation  upon  periodic'' 
races, moreover, support  this  same  general  conclusion*  It  would 
be  possible  to  point  out  other  differences  between  the  vari- 
ous races  which  I  have  studied — e.g.  as  regards  size,fo-nn, 
division-rate, etc. — but  since  we  are  concerned  here  mainly 
with  differences  in  respect  to  conjugation,!  shall  not 
attempt  any  such  comparisons.  Differences  in  respect  to  size 
and  fission-rate  have  been  studied  in  other  races  by  Jennings 
and  Hargltt  ( '10),  but  according  to  Zweibaum  these  supposed 
racial  diversities  result  from  differences  in  the  amount  of 
nutriment.  Supposing, however, that  acquired  diversities  may 
arise  in  different  cultures  as  a  result  of  differences  in 
environment, these  same  cultures  should, in  Zweibaum 's  opinion, 
yield  oonjugants  after  being  subjected  to  the  prolonged 
experimental  procedure  which  he  recommends.  But  this 
they  fail  to  do  in  all  cases, as  the  results  of  my  experiments 
Indicate,  cultures  which  are  known  to  have  a  common  ancestry 
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(various  oulturss  of  the  same  pedigreed  stock, descended  from 
one  original  individual )  do  respond  similarly  in  these  exper- 
iments. But  when  races,  of  diverse  ancestry  are  compared  they 
almost  invariably  respond  differently.  Two  races  coming  from 
the  sams  habitat  (as  from  the  same  pond  or  stream, aquarium 
or  hay  culture )  may  sometimes  respond  similarly  under  the 
same  conditions, but  as  a  rule  they  respond  differently.  Thus, 
the  two  races  38^  (a^  and  b)  and  39a  were  from  the  same  gene- 
ral source, a  pond  near  Baltimore, but  the  first  underwent  two 
epidemics  of  con;)ugation  in  the  laboratory, during  which  time 
no  conjugation  has  been  observed  in  59a.  Similarly  the  two 
races  44a  and  45a  were  isolated  from  the  same  lot  of  mate- 
rial collected  in  a  river.  In  44a (and  its  derived  cultures) 
conjugation  has  occurred  in  epidemics  of  long  duration, under 
essentially  uniform  conditions, whereas  in  the  latter  strain 
(43a)  no  conjugation  has  been  observed  since  the  beginning, 
under  uniform  conditions  or  under  the  altered  conditions  of 
growth  which  favored  conjugation  in  44a  (as  when  cultures 
are  renewed  after  dormancy). 
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SUMMARY  OF  OBSERVATIONS  AND  EXPERIMENTS 
ON  PAR.CAUDATUM. 

1.  There  are  diversities  amongst  the  various  strains  of 
this  species  as  regards  their  tendency  to  conjugate  under 
natural  and  experimental  conditions, 

2.  Some  of  these  diversities  in  response  unde»  a  given 
get  of  conditions  may  be  qualitative, as  Illustrated  by  the 
different  behavior  of  two  conjugating  strains  when  treated 
with  a  particular  reag;ent.  That  Is, the  conditions  for  condu- 
gatlon  in  all  strains  are  not  Identical. 

3.  That  the  several  strains  in  Question  are  racially 
diverse  is  supported  by  the  fact  that  conjugating  strains 
sometimes  maintain  their  ability  to  conjugate  freely  for 
several  "generations" , in  new  cultures  started  from  excon- 
jugants  of  a  previous  epidemic. 
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PARAMOECIUM  AURELIA 

My  studies  upon  races  of  this  species  open  up 
problems  essentially  like  those  presented  by  caudattira. 
Some  of  the  cultures  were  subjected  to  dally  observation 
during  the  first  weeks  of  their  development.  Conjugation  was 
thus  shown  to  be  of  frequent  periodic  occurrence  in  some, 
rare  and  apparently  sporadic  in  others, while  in  some  it  was 
foimd  neither  during  this  period  of  daily  observation  nor  on 
subsequent  examination  at  intervals  of  two  to  five  days  for 
several  months.  At  intervals  dense  watch-glass  cultures, 
derived  from  the  main  cultures, were  set  aside  in  moist 
chambers  and  examined  the  following  day  for  conjugating 
pairs.  In  such  cultures  the  nutriment  is  quickly  used  up 
by  the  Paramoecia,and  the  conditions  are  right  for  aji  epi- 
demic of  conjugation, provided  the  organisms  were  taken  from 
a  flourishing  culture  (method  of  Maupas.'sg).  In  ttiis  manner 
some  of  the  races  which  showed  no  conjugants  in  the  stock 
cultures  were  made  to  give  several  in  these  isolation  experi- 
ments; while  others, which  showed  small  numbers  in  the  stock 
cultures , yielded  as  many  as  fifty  per  cent.in  the  experiments. 
As  a  rule  pairing  took  place  earlier, and  persisted  later, 
during  a  series  of  such  experiments  than  in  the  main  cultures 
themselves, when  the  experiments  were  begun  sufficiently  in 
advance  of  an  epidemic  of  conjugation  in  the  main  culture. 
That  is, conjugation  could  generally  be  obtained  in  the  dense 
watch-glass  cultures  several  days  before  any  pairs  were  seen 
in  the  stock  culture  from  which  they  had  been  derived,  and 
could  be  obtained  for  days  after  it  had  ceased  in  the  stock 
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culture.  The  effect  in  such  experiments  la, then, to  augment 
conjugation  In  cultures  of  organisms  already  In  a  state  of 
susceptibility.  Certain  races, however, failed  to  conjugate 
during  long  periods  ( several  months )  even  when  placed  under 
the  more  favorable  conditions  mentioned  above  ( isolation 
experiments).  In  this  connect ion, also, solutions  of  various 
salts  were  added  to  some  of  the  watch-glass  cultures  when 
isolated,  TJiis  served  to  increase  somewhat  the  percentage 
of  the  conjugants  in  certain  more  susceptible  races, but  many 
that  did  not  conjugate  gtiii  remained. 

From  the  above  it  will  be  seen  that  amongst  the 
various  strains  of  Paramoecium  aurelia  there  appear  to  be 
several  Intergradlng  conditions  as  regards  conjugation;  in 
some  races  it  occurs  spontaneously, In  others  Its  occurrence 
is  conditioned  (in  the  laboratory)  by  certain  experimental 
procedings — alterations  in  environmental  conditions.  The 
question  arises  whether  we  cannot  by  still  other  , perhaps 
more  Indirect , methods  bring  about  conjugation  in  all  races 
of  this  species.  So  far  as  the  results  of  my  work  go, the 
question  may  be  answered  in  the  affirmative.  Of  the  thirteen 
races  of  P. aurelia  studied  in  the  beginning, all  proved  ame- 
nable to  indirect  methods.  Six  were  found  to  be  conjugating 
races  at  one  time  during  their  existence;  that  is, they  con- 
jugated under  more  or  less  uniform  conditions  of  cultivation. 
Seven  were  found  to  be  more  refractory, yielding  only  to 
indirect  methods. 

The  most  effective  procedure  for  these  particular 
races  was  to  subject  them  to  a  period  of  semi-starvation 
lasting  from  four  to  eight  weeKs,then  to  bring  each  to  aatate 
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Of  rapid  multiplication  by  adding  hay  infusion  containing 
certain  electrolytes  to  the  culture.  The  culture  medium  used 
most  effectively  contained  NaN03,  final  concentration  about 
.001  to  .004  N,  and  a  smaller  proportion  of  Ca(N03)2,  ( ,00005 
to  .0002  N).  The  solution  used  in  later  experiments  contained 
NaN05  alone — and  this  gave  about  as  good  results.  It  was 
thot  that  the  calcium  used  in  these  preliminary  experiments 
would  offset  the  toxic  effect  of  sodium, and  so  lead  to  b»tter 
growth  in  the  culture, but  it  was  found  that  the  sodium  salt 
when  used  in  low  concentrations  (  .001  to  .003  N)  was  rela- 
tively non-toxic  to  most  races  of  P.aurelia.  As  will  be 
shown  later, the  effect  of  sodium  salts  upon  Paramoecium  is 
to  stimulate  growth  and  thereby  accelerate  the  fission-rate. 

The  period  of  semi-starvation  to  which  It  was 
found  necessary  to  8Ub;)ect  each  culture  differed  considerably, 
depending  upon  the  race  employed.  Some  few  of  these  (14a, 
table  V,  and  16a)  proved  to  be  very  refractory, for  they  failed 
to  give  conjugants  except  after  fasting  for  eight  to  nine 
weeks.  Others, on  the  other  hand  (e.g.  1^3a,  table  IV,  and  25a), 
con;Jugated  after  shorter  periods  of  dormancy — about  three  to 
four  weeKs.  Ths  duration  of  this  period  serves  perhaps  as 
the  best  criterion  for  judging  of  the  relative  susceptibility 
of  various  races  toward  conjugation, for  experiments  with 
salt  solutions  generally  give  negative  results  unless  the 
organisms  have  become  susceptible  to  conjugation  previously 
thru  dormancy. 

The  effects  produced  by  using  salt  solutions  direct- 
ly in  experiments  designed  to  induce  conjugation  (method  of 
Zweibaum)  are  rather  variable  and  unpredictable.  As  a  rule, 
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the  salt  solutions  increase  the  percentage  of  conjugating 
pairs, but  I  suspect  that  their  action  is  largely  osmotic 
rather  than  chemical.  When  added  to  the  main  cultures  when 
renewed, however, the  effect  of  sodium  salt  is  more  marKed, — 
altho  even  by  this  method  a  relatively  small  number  of  conju- 
gants  is  obtained.  As  examples  of  this  effect  may  be  cited 

experiments  with  race  13a,  table  IV;  14a,  table  V;  UJ,  and 

se 
11  j,  table  VI;  and  ^,  table  VII.  The  reactions  of  the^  vari- 
ous races, however, may  be  contrasted  with  that  of  race  lb, 
table  VII,  in  which  conjugation  is  not  favored  by  the  pre- 
sence of  sodium  nitrate, or  if  so, only  by  a  lower  concentra- 
tion than  that  which  was  found  moat  effective  in  the  other 
races. 

In  order  to  bring  out  more  clearly  some  of  the 
racial  differences  between  the  various  strains  of  P.aurelia, 
the  following  observation  are  recorded.  They  indicate, also , 
something  regarding  the  nature  of  the  "periodicities"  in 
conjugation  so  characteristic  of  many  strains  of  this  species. 

Par.aurella,  1^  (b  and  £),  This  race  was  descen- 
ded from  a  single  individual  isolated  Jan. 30, 1919, from  an 
old  laboratory  hay  culture.  The  original  culture,  lb,  develop- 
ed very  rapidly  under  laboratory  conditions, the  animals 
proving  to  be  quite  hardy  at  all  times  during  their  history. 

A  watch-glass  culture  containing  numerous  indi- 
viduals was  set  aside  on  Mar. 17, and  on  the  following  day 
showed  conjugaj^tion  involving  about  10^  of  all.  Observations 
failed  to  reveal  the  occurrence  of  the  process  in  the  stock 
culture  previous  to  the  nineteenth, when  one  or  two  pairs  were 
noted.  It  was  recorded  at  intervals  during  March  and  April, 


but  on  each  occasion  in  very  small  numbers  ( involving  usually 
less  than  one  per  cent.).  During  a  period  of  thirty-two  clays 
(Mar. 17  until  Apr. 18)  very  frequent  recourse  was  had  to 
isolation  experiments, in  watch-glass  cultures, In  order  to 
determine  whether  the  organisms  continued  susceptible.  Every 
one  of  these  experiments  yielded  condugants,in  numbers 
ranging  from  about  5^  to  as  high  as  50  or  60^o   in  some  instan- 
ces. Thruout  most  of  this  period  no  conjugation  was  noted  in 
the  stock  culture  , either  on  the  day  preceding  each  Isolation 
experiment, or  on  the  same  day.  It  frequently  happened  that 
in  a  dense  culture  set  aside  in  a  watch-glass  con;)ugation 
set  in  almost  immediately, so  that  at  the  end  of  one-half  hour 
10^  of  the  Paramoecla  would  be  found  in  union, altho  no  pairs 
had  been  seen  in  the  beginning.  Other  races  responded  simi- 
larly In  these  experiments, but  not  so  quickly, nor  in  such 
large  numbers. 

The  strain  JLb  was  subjjected  to  experimentation 
on  Sept .30, 1919, when  renewed  cultures  were  started  in  small 
Stender  dishes  with  material  taken  from  the  stock  culture. 
This  had  been  allowed  to  stand  for  over  three  months  without 
renewal, altho  considerable  hay  was  added  to  it  previously. 
The  animals  were  found  to  be  in  a  very  healthy  state, showing 
no  effects  of  starvation, altho  they  were  not  dividing.  Prac- 
tically no  conjugants  had  been  observed  in  the  culture  since 
May  1919, when  casually  examined.  On  the  second  day  after 
renewal  con;)ugatlon  was  obtained  (on  Oct,f?)ln  the  culture 
Ib-A  to  which  no  electrolytes  had  been  added.  In  the  other 
cultures, containing  NaN03,  pairing  took  place  in  smaller 
numbers  (tableVII). 
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As  was  pointed  out  above  (p»27  )  tha  reaction  of 
these  organlsras  to  tha  presence  of  NaN03  in  the  renewed 
culture  l8  In  marked  contrast  with  that  of  the  other  races 
to  be  described  later, for  which  a  low  concentration  of  this 
salt  acts  as  a  stimulus  to  conjugation.  The  animals  of  cul- 
ture lb  (and  of  1^)  always  conjugated  most  readily  in  an 
aqueous  medium, whenever  they  conjugated  at  all.  In  the  stock 
cultures  the  Paramoecla  conjugated  little  or  not  at  all, but 
they  remained  susceptible  during  long  periods  of  tine, yield- 
ing conjugants  readily  in  watch-glass  cultures  isolated  from 
the  main  cultures, 

Par.aurella,  3a,  The  culture  was  started  Jan»23, 
1919, from  an  individual  isolated  from  the  same  abandoned 
hay  culture  as  lb;  and  so  it  Is  not  knovm  with  certainty 
whether  It  represents  a  race  distinct  in  descent  from  lb, 
altho  its  characteristics  are  sufficiently  distinct  to  render 
this  probable.  Conjugation  was  observed  in  this  culture 
while  still  small  on  Feb, 13, in  about  20-30^  of  all,  and  again 
on  Feb, 15  and  17  in  smaller  numbers  (3-5^),  Conjugants  were 
again  seen  in  this  culture  on  March  12, about  one  per  cent,, 
and  later  between  March  17  and  22,  in  no  case  in  more  than 
casual  numbers.  Isolation  experiments  continued  to  yield 
them, however,  often  as  many  as  five  per  cent,, from  Mar, 15 
untliApr.l8,when  the  experiments  were  discontinued. 

culture  3b  was  derived  from  an  exconjugant  of  _3a 
Isolated  on  Feb, 13.  One  or  two  pairs  of  conjugants  war©  seen 
in  the  culture  on  Apr. 7, after  long  search,whlle  isolation 
experiments  yielded  them  in  small  niimbers  ( 1^   or  less  ) 
between  Mar, 19  and  Apr ,10.  Except  for  the  casual  pairs  noted 
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above  (Apr,?)  the  stock  culture  showed  none  from  Its  beginning 
until  the  time  when  regular  observations  were  discontinued. 
Cultures  3c,  56.   and  3e  were  started  on  March  20 
from  th»ee  exconjugabta  of  3b,  and  represent  thus  the  third 

"sexual  generation"  of  the  race,  Each  was  cultivated  under 

r 
uniform  conditions  and  observed  regularly.  Conjugation  occulted 

to  the  extent  of  40^  in  a  watch-glass  culture  derived  from 
5d  on  April  16, but  was  not  discovered  in  the  main  culture 
during  the  entire  period  of  dally  observation  (from  Mar.20 
to  Apr .SO),  nor  on  subsequent  examination  at  longer  inter- 
vals* Isolation  experiments  set  before  and  after  the  six- 
teenth (on  Apr. 15, 17  and  18)  gave  no  conjugants.  The  two 
related  cultures,  3c  and  3e,  failed  to  show  any  conjugation, 
even  in  the  isolation  experiments, which  were  continued  until 
April  30. 

Comparing  this  race, number  _3,  with  race  1.,  it  will 
be  seen  that  in  both  conjugation  occurred  naturally  under  the 
more  or  less  uniform  conditions  afforded  in  large  stock  cul- 
tures. In  culture  3a  there  is  at  first  apparently  a  perio- 
dicity marked  by  "epidemics"  In  the  occurrence  of  the  process 
at  intervals  of  about  four  weeks.  In  culture  3b,  started  from 
an  exconougant,the  first  epidemic  appeared  after  about  five 
weeks;  and  in  Sd,   similarly  related  to  3b,  after  about  four 
weeks.  Conjugation  in  race  lb,  while  not  occurring  at  perio- 
dic Intervals  in  the  stock  culture, was  readily  evoked  in 
Isolation  experiments  during  the  entire  period  when  such  ex- 
periments were  regularly  conducted  (Mar. 18  to  Apr. 18),  The 
same  irregularity  tends  to  manifest  itself  in  the  culture  5a 
after  the  onset  of  the  second  period  of  conjugation  (Mar. 13). 
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This  irrogulariV  in  the  occureno*  of  conjugation 
during  the  later  stages  of  growth  In  a  culture  in  which  it 
has  already  taXen  place, in  the  form  of  a  preceding  "epidemic", 
makes  it  impossible  to  measure  accurately  the  interval  between 
conjugation  periods  except  with  cultures  started  from  excon- 
jugants,and  in  which  oondugation  has  not  previously  occurred. 
Even  tho  first  epidemic  of  conjugation  in  a  newly  developed 
strain  may  show  two  separate  phases  ( see  observations  on 
races  lie  and  llf ,  p. 33)  suggesting  that  diverse  lines, show- 
ing acquired  differences  in  susceptibility  as  regards  con- 
jugation may  have  arisen  amongst  the  offspring  of  one  indl- 
\'idual«  Later  irregularities  in  conjugation — after  a  previous 
epidemic  in  the  same  culture — ^may  perhaps  be  accounted  for 
in  part, also, as  due  to  hereditary  differences  established 
thru  conjugation, among  the  exconjugants  of  the  first  epidemic. 
Thus  diverse  strains, with  different  degrees  of  ausceptibillty, 
each  having  perhaps  a  somewhat  different  periodicity, might 
be  perpetuated  in  the  sane  culture — coming  originally  from 
the  same  race.  If  this  be  true  a  new  clone  derived  from  a 
single  exconjugant, would  presumably  give  conjugants  in  a  more 
sharply  defined  epidemic  than  a  culture  containing  the  off- 
spring of  several  exconjugant 8,altho  originally  from  the  same 
strain. 

Some  such  interpretation  as  this  may  account  for 
the  Irregular  occurrence  of  the  process  in  the  later  his- 
tory of  the  mass  culture  5a.,   for  a  study  of  the  later 
generations  (3b  andM)  shows  that  conjugation  in  these, 
like  the  first  epidemic  in  3a,  is  sharply  defined.  Altho  no 
sufficient  evidence  is  here  afforded  that  hereditary 
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differences  exist  between  the  corresponding  cultures  of  the 
same  generation  of  excon^ugantp  (3c,  3d  and  3e)  In  respect 
to  conjugation, some  observations  male  upon  exconjugant  lines 
of  the  race  44  (P.cawdatum)  Indicate  that  such  heritable 
diversities  do  arise  in  this  manner  (p.50). 

Par.aurella,  11a,  was  obtained  as  a  mass  culture 
on  Feb, 15, 1919, from  Professor  Jennings, by  whom  the  race  had 
been  reared  from  one  individual  isolated  Jan. 18, 1919.  Conju- 
gation had  already  been  observed  in  this  culture  on  Feb. 5, 
and  again  on  Feb. 15, involving  at  each  epidemic  a  fair  per- 
centage of  individuals.  On  March  5  and  8  pairing  was  observed 
in  about  l(y^  of  all;  and  from  Mar. 10  to  12  its  occurrence 
was  noted  as  casual.  Oonjugar-ts  were  seen  again, in  smaller 
numbers  (about  3^), on  April  4,altho  casual  pairs  were  found 
as  early  as  Mar, S 9, and  later, on  Apr. 9.  The  process, it  will 
be  seen, is  becoming  more  Irregular  in  occurrence  as  time  pro- 
gresses, the  separate  epidemics  becoming  much  less  distinct 
and  the  percentage  obtained  at  any  one  time  falling  off. 
This  is  evidenced, also, by  the  fact  that,altho  conjugants  were 
not  discovered  in  the  main  culture  between  Mar.12  and  29, 
yet  isolation  experiments  continued  to  yield  them  In  consi- 
derable numbers  (5-30?^)  between  these  dates.  Three, and  pos- 
sibly four, successive  epidemics  are  thus  Indicated  for  race 
lla.  Results  of  later  observations  (in  races  lie  abd  llf , 
p. 33)  showed  that  the  occurrence  of  two  sharp  epidemics  close 
together  in  point  of  time, such  as  those  of  Feb. 5  and  Feb .15, 
or  Mar. 5  and  Mar. 8, may  very  properly  be  regarded  as  one, the 
first  onset  being  interrupted  by  an  abrupt  change  in  nutri- 
tive conditions(the  addition  of  hay  Infusion  Id  the  culture /stc^. 
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Cultur«8  lib,  lie,  lid  and  llf .  These  were  de- 
rived from  corresponding  excon;Jugant8  of  lla  isolated  on 
March  20.  A  well  marked  epidemic  of  con Juration, Involving 
about  three  fourths  of  the  culture, occixrred  in  lie  on  Apr. 4, 
The  process  was  repeated  on  Apr. 14  (about  5^), and  continued 
until  Apr. 18  (casual).  In  culture  llf  conjugation  appeared 
first  on  Apr. 15  (casual), and  on  the  day  following, to  the 
extent  of  about  60'^.  On  Apr.  17  about  10^  were  in  union •  No 
conjugants  were  observed  in  lib  and  lid,  examined  daily 
until  Apr. 18, and  casually  therafter. 

Exconjugant  strains  of  lie  were  started  from  ten 
pairs  isolated  Apr. 4;  and  of  llf,  fromsix  pairs, on  Apr. 17, 
The  twenty  excondugant  cultures  of  lie,  designated  as  races 
_llg  (1  to  20),  were  grown  under  very  uniform  conditions,  in 
hay  infusion  made  up  with  distilled  water, and  renewed  each 
week.  Under  the  favorable  conditions  thus  imposed  no  conju- 
gation was  observed  in  any  of  the  cultures  for  over  two 
months.  Similar  negative  results  were  obtained  with  the 
twelve  strains  derived  from  llf  exconjugants, designated  as 
llh  (1  to  12),  subjected  to  daily  observation  for  six  weeks 
and  examined  casually  afterward. 

On  the  sixth  of  July  an  individual  of  llg  ( from  a 
culture  which  had  lain  dormant  for  about  a  month)  was  iso- 
lated in  a  watch-glass, in  hay  infusion  containins  ,003  N 
NaN03,  On  July  10  conjugation  occurred  amongst  the  numerous 
progeny  to  the  extent  of  15fo,   Trom  the  exconjugants  two  daugh- 
ter strains  were  started  ( ill  and  llj  ),  No  conjugation  was 
noted  in  thesecultures  prior  to  July  34, when  they  were  left 
unobserved  and  unaltered. 
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In  each  of  th«8«  conjugation  was  again  obtained 
in  small  ntunbers  during  September  by  renewing  the  dormant 
cultures  with  hay  Infusion  containing  NaNOS  (table  VI).  No 
conjugation   occurred, however,  In  those  cultures  which  were 
renewed  with  hay  Infusion  alone. 

The  study  of  11a  and  its  descendants  reveals  a 
condition  which  is  prevalent  in  various  other  races  of  this 
species  (e.g.  _3a  and  23a), as  well  as  In  caudatum.  Conjuga- 
tion was  found  to  occur  very  readily  in  cultures  of  the  race 
during  the  first  few  months  of  Its  history, usually  under 
fairly  uniform  conditions;  whereas  later  the  process  could 
be  evoked  only  after  renewing  cultures  which  had  undergone 
dormancy.  The  natural  periodicity  which  characterized  the 
early  stages  became  suppressed, and  the  relative  number  of 
conjugants  obtained  likewise  fell  off  considerably  as  time 
progressed.  The  effect  is  probably  not  due  to  unfavorable 
culture  conditions  long  maintained, altho  this  may  play  some 
part, nor  to  close  Inbreeding;  but  la  probably  connected  in 
some  way  with  the  adjustment  of  the  organisms  to  a  state  of 
continuous, rapid  multiplication.  This  point  will  be  treated 
more  at  length  in  the  discussion  (p.43). 

The  eight  races  designated  13a,  14a.  15a,  16a  and. 
23a,  24a.  25a,  and  26a  were  derived  on  Feb .28, 1919  from  the 
same  source — an  abondoned  hay  culture  containing  various 
Infusoria.  Each  was  descended  from  a  single  exconjugant,the 
original  Individual  of  13a  having  conjugated  with  23a, 
14a  with  24a,  etc.  It  is  Important  to  compare  these  races 
from  the  start, since  all  had  been  subjected  to  the  same 
environmental  Influences  previously.  The  cultures  were 


35 

examined  frequently  for  eight  we'^ks, while  numerous  tests 
for  conjugation  were  made  with  dense  watchglass  cultures  iso- 
lated from  the  main  Jars.  All  the  stock  cultures  developed 
rapidly, except  24a  and  26a,  in  which  growth  was  more  tardy, 
owing  in  part  to  ovemutritlon,to  some  extent  possibly  to 
racial  wealoiesses.  Conjugation  occurred  in  two  cultures  ,23a 
and  25a.  during  the  period  of  continuous  cultivation, but 
not  in  the  six  others. 

In  23a  several  pairs  were  observed  as  early  as 
Mar. 11, eleven  days  after  the  previous  union;  and  again  on 
Mar»17,  They  were  found  in  larger  numbers  (5-15$^)  from  Mar. 18 
to  22,  but  only  casually  thereafter  until  Mar. 31, when  conju- 
gation practically  ceased  in  the  continuous  culture.  Isola- 
tion experiments  gave  as  high  as  40^  on  Mar. 15,  and  subse- 
quently until  April, in  diminishing  numbers  (Mar. 18,  40^, 
Mar, 20,  30^,  Mar. 26,  5^,  etc.). 

The  epidemic  in  ^5^  was  less  intense, involving  at 
any  one  time  a  much  smaller  percentage  of  organisms, and 
lasting  but  a  short  time  (Mar. 18-25).  Isolation  experiments 
yielded  conjugants  during  a  somewhat  longer  period, but  in 
scarcely  any  greater  numbers. 

The  sequence  of  events  in  these  two  cultures  is 
seen  to  be  very  similar  to  that  which  obtains  in  such  races 
as  Sa   and  b,  11a  and  its  derivatives.  That  is, there  is  a 
period  of  vegetative  growth  lasting  from  two  to  three  weeks, 
after  which  conjugation  ensues.  The  duration  of  this  period 
of  conjugation  depends  in  large  measure  upon  the  suscepti- 
bility of  the  races  in  question, be ginning  earlier  and  lasting 
longer  in  the  more  susceptible  ones — except  in  some  few 
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Instances  where, In  small  cultures, the  process  Is  consummated 
In  one  or  two  days  (e.g.  llf )» 

In  order  to  determine  whether  these  races  (23a  and 
25a)  which  had  conjugated  under  uniform  conditions  had  really 
done  so  as  a  result  of  their  freater  natural  susceptibility, 
and  not, as  might  be  supposed, because  of  more  favorable  envi- 
ronmental conditions, new  strains  were  started  from  Isolated 
exconjugante  of  each.  In  this  way  the  initial  medium  was  ;;  ^ 
greatly  altered, new  strains  of  bacteria  coming  in, with  the 
elimination  perhaps  of  many  strains  of  bacteria  present  in 
the  old  cultures.  Of  the  two  strains  derived  from  exconjugants 
of  23a  which  were  reared  successfully, conjugation  occurred 
In  each, approximately  three  weeKs  later.  In  one  of  these, 
83f ,  Isolated  Mar .2l,conJugants  were  observed  on  Apr. 14 
(5-lofo),   Apr. 15  and  16  (casual).  They  appeared  also  in  an 
isolation  experiment  on  Apr. 17.  In  the  other  culture, 231, 
Isolated  Mar. 21,  conjugation  was  only  casual, one  to  three 
pairs  being  seen  on  Apr .12  in  a  mixed  culture  of  two  races, 
P,caudatum  17a  and  P.aurella  231  (sea  table  II).  Two  cultures 
of  25a  exconjugants  ( 25e  and  25h)  started  on  the  same  day 
as  those  from  23a,  and  similarly  treated, showed  no  conjugants, 
even  in  isolation  experiments.  The  relative  susceptibility 
of  these  two  races,  of  the  second  generation, to  each  other 
Is  thus  shown  to  be  the  same  as  for  the  two  parental  strains. 
That  is, the  race  2Z     seems  more  susceptible  than  ^  in  each 
case, — altho  conjugation  failed  to  occur  in  the  second  gene- 
ration of  25,  and  was  less  intense  during  the  second  epidemic 
(second  generation)  of  _23  than  during  the  first. 
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In  the  six  remaining  stock  cultures  (of  races  15a, 
14a,  etc. )  no  conjugation  was  found  to  occur  during  the  first 
five  months  while  continuous  cultivation  v/as  resorted  to,al- 
tho  it  was  obtained  by  indirect  (experimental)  methods.  Those 
experiments  in  which  salt  solutions  were  used  in  the  way 
recommended  by  Zwelbaum  gave  less  striking  results  in  this 
species  than  in  the  one  caudatian  race, 17a,  in  which  they 
were  effective.  aorapare,for  exaiia5le,the  results  of  such  expe- 
riments with  race  15a  (P.aurellaj  with  those  in  race  17a 
(P»caudatum)  when  both  strains  were  growing  in  the  same  cul- 
ture (table  I).  As  was  pointed  out  on  p.25  , cultures  of  near- 
lyall  races, when  renewed  with  hay  infusion  containing  NaN03 
(  .001-. 004  N)  may  give  conjugants  when  none  can  be  found  in 
controls — renewed  with  an  aqueous  medium. 

The  duration  of  dormancy  preceding  the  growth 
period  is  perhaps  the  most  potent  Influence  favoring  conju- 
gation, for  It  was  only  by  renewing  cultures  which  had  long 
been  dormant  that  conjugation  could  be  elicited  at  all  In 
such  races  as  14a  (table  V),and  16a.  In  these  two  strains  a 
preliminary  period  of  dormancy  of  7  to  8  weeks  was  required 
before  conjugation  could  bo  obtained  in  the  cultures  renewed 
with  a  saline  medium.  With  other  races, e.g.  84a  and  25a,  only 
3  to  4  weeks  of  dormancy  was  required  before  renewal  in  the 
same  way.  One  of  those  ( 25a), it  will  be  noted, Irad  been  found 
earlier  to  conjugate  \wder  uniform  conditions  (in  the  stock 
culture  ),altho  It  had  later  lost  this  tendency.  It  was  shown 
aftorwapd  that  three  months  of  dormancy  was  sufficient  for 
conjugation  in  any  of  the  races  of  aurella  when  renewed  with 
an  aqueous  medium  (tap  water), for  when  the  stock  cultures 
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were  renewed  In  Or?tober,  1919, after  this  period  of  dormancy, 

a  few  conjugants  were  seen  in  all  of  those  cultures  In 
which  none  had  been  discovered  previously, as  well  as  those 
in  which  they  had  been  found  before, 

SUMMARY  OF  OBSERVATIONS  AND  EXPSRIMENTS 
ON  PAR.AURELIA 

1.  In  this  species, as  in  the  preceding, there  are  evidences 
of  diversities  in  respect  to  conjugation.  Some  strains  show 

a  marlced  tendency  to  conjugate  repeatedly, at  regular  inter- 
vals, while  others ,undei*  the  same  uniform  conditions, do  not 
conjugate  during  long  periods  of  time.  Diversities  in  response 
to  the  same  set  of  experimental  conditions  are  sometimes  indi- 
cated— as  when  one  race  shows  a  greater  tendendy  to  conjugate 
in  a  particular  saline  mediiim  than  in  an  aqueous  medium, 
another  race  so  treated  showing  a  lesser  tendency. 

2.  These  diversities  probably  have  a  racial  basis, for 

if  two  cultures  of  the  same  strain, each  having  had  a  similar 
history, be  subjected  to  the  same  treatment  they  show  about 
an  equal  tendency  to  conjugate.  Furthermore, when  two  diffe- 
rent strains  are  compared  they  are  found  to  preserve  about 
the  same  relative  degree  of  susceptibility, under  the  given 
set  of  conditions, as  they  showed  in  the  beginning. 
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GENERAL  SUMMARY  AND  DISCUSSION. 

The  fcaiowing  conclusiona  regarding  the  causes  and 
periodicity  of  con;jugatlon  may  be  drawn  from  the  observations 
and  experiments  above  set  forth, 

1,  Various  strains  of  the  same  species  display  different 
degrees  of  susceptibility, or  readiness, to  conjugate  whan 
taken  from  a  similar  environment  and  grown  under  like  condi- 
tions, 

2,  They  may  likewise  show  diverse  reactions  as  regards 
conjugation  when  subjected  to  the  same  experimental  condi- 
tions,— as  when  treated  ^ith  a  certain  salt  solution. 

3.  A  high  degree  of  susceptibility  is  indicated  by  a  ten- 
dency for  conjugation  to  appear  in  successive  "epidemics" 
within  a  given  strain, and  by  the  relative  number  of  indivi- 
duals involved. 

4.  The  observed  time  Interval  between  conjugation  periods 
in  Paramoecium  caudatum  is  from  four  to  twelve  weeks.  Conju- 
gation was  recurrent  in  culture  _38a  after  six  weeks, in  38b 
after  ten  weeks.  In  culture  44a  it  occurred  after  seven  to 
eight  weeks, and  again  after  twelve  weeks, but  in  the  smaller 
cultures  derived  from  it  (_44b,  c^  and  d)  at  intervals  of 
about  four  to  eight  weeks. 

5.  The  time  interval  in  Paramoecium  aurelia  is  from  two 
to  six  weeks  (see  p,30,and  p. 32), 

6,  There  exist  strains  which  do  not  conjugate  during  long 
periods  of  time, and  in  which, were  the  conditions  maintained 
uniform  and  favorable  for  g-^owthjthe  process  might  probably 
be  postponed  indefinitely. 
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7.  Many  of  these  races  which  do  not  conjugate  can  be 
rendered  susceptible  to  conjugation  by  subjecting  them  to 
a  prolonged  period  of  reduced  nutrition ,thus  inhibiting 
multiplication.  Such  "dormant •♦  cultures, of  any  race, when 
renewed  by  supplying  abundant  nutriment, may  yield  conjugants 
more  readily  (if  conjugation  occurs  at  all)  than  control 
cultures  of  the  same  strain  which  have  been  kept  imder  con- 
ditions of  constant  growth, 

8.  The  addition  of  certain  salt  solutions  to  samples 
taken  from  these  renewed  cultures  after  a  few  days  of  growth 
may  give  an  increase  in  the  relative  number  of  conjugants  in 
certain  races, without  affecting  appreciably  the  proportion 
of  conjugants  in  other  races  of  the  same  species  (as  'J^orked 
out  especially  for  Par.caudatum.  ). 

9.  A  trace  of  sodium  nitrate, added  to  the  renewed  cultures 
at  the  tine  of  their  renewal, serves  to  augment  conjugation 
in  many  races  of  Par.aurelia.  Diverse  races  appear  to  react 
differently  toward  equal  concentrations  of  the  salt  as  used 
in  this  way, for  race  lb,  and  its  derivatives, underwent  conju- 
gation more  readily  in  aqueous  medium  than  in  the  solutions 
of  the  salt  in  concentrations  foimd  most  effective  for  the 
other  races  of  this  species.  This  same  race  multiplied  more 
steadily  and  maintained  its  numbers  longer  in  aqueous  cultures 
than  other  races  of  this  species. 

10.  There  is  a  progressive  tendency, probably  in  all  races, 
for  oonjugatlon  to  become  suppressed  after  prolonged  culti- 
vation under  laboratory  conditions.  Evidence  for  this  has 
already  bean  presented  in  the  body  of  this  paper — 
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in  Par.  Cauda  turn,  race  17a  on  p.l4,rac«  58,   p. 18;  and  in 
Pap. aura li a, race  5,   p,29,race  JJ,,p«34,  races  25   and  ^,  P.36» 
Races  which, early  in  their  history, showed  a  tendency  to  con- 
jugate at  frequent  intervals, and  In  large  numbers  at  each 
epidemic, re tain  their  susceptibility  longer  than  those  races 
which  at  first  conjugated  only  at  longer  intervals  and  in 
small  numbers.  The  susceptibility  of  such  cultures, in  which 
conjugation  is  in  abeyance, can  often  be  partially  restored 
by  subjecting  them  to  a  long  period  of  dorroancy.as  described 
under  point  7,  Thus, a  culture  of  23i,  renewed  on  Jan»10,l920, 
after  a  five  month  period  of  dormancy , gave  conjugants  on 
Jan .IS.  Prom  an  exconjugant  a  new  culture ,23k,  was  started, 
and  in  this  conjugation  was  repeated  under  essentially  uni- 
form conditions*  (in  several  new  exconjugant  lines. 851,  ( 1 )  to 
(6), however, conjugation  did  not  occur.)  This  shows  that  the 
very  long  dormant  period  to  which  the  organisms  of  this  race 
were  exposed  had  restored  their  power  to  conjugate  periodi- 
cally,as  in  the  original  culture, 85a,  of  this  race  (see  p.35  ). 

It  was  thot,  at  first,  that  this  tendency  for 
conjugation  to  become  suppressed  might  result  from  long  con- 
tinued growth  under  laboratory  conditions, the  organisms 
becoming  weakened, as  it  were, by  the  rich  artificial  medium 
of  hay  infusion.  We  should  expect, on  this  assumption, to  find 
that  races  which  do  not  conjugate  are  ill  adapted  to  these 
conditions  in  the  laboratory.  But  this  is  the  reverse  of 
what  usually  obtains.  In  general, those  races  which  conjugate 
but  rarely, or  not  at  all, under  laboratory  conditions  prove 
to  be  more  amenable  to  steady  cultivation  than  conjugating 
strains;  altho  the  latter, especially  during  their  early 
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history*  may  multiply  rapidly  when  ths  conditione  are 
favorable  for  growth. 

Observations  upon  other  species, and  other  genera, 
likewise  indicate  that  the  absence  of  conjugation  is  asso- 
ciated rather  with  a  more  complete  adaptation  of  the 
organisms  to  their  surroundings.  Eight  strains  of  an  uniden- 
tified Paramoecium  ^  (apparently  the  Par.trichiura  of  Stokes, 
•88)  which  were  studied  for  six  weeks , seemed  to  be  very  poor- 
ly adapted  to  active  growth  in  the  laboratory, and  were  finally 
abandoned, — yet  in  six  of  these  eight  strains  conjugation  was 
extensive.  On  the  other  hand, one  race  of  Oxytricha 
which  I  have  had  in  the  laboratory  for  over  a  year, has  never 
been  seen  to  con jugate, alt ho  it  was  subjected  at  times  to 
the  same  experimental  procedure  (with  the  exception  of  adding 
salts  to  the  renewed  cultuiPes  directly )  as  my  races  of  Para- 
moecium. But  this  race — as  well  as  two  others  of  Oxytricha, 
which  did  not  conjugate  during  two  months  observation — were 
found  to  thrive  as  well  in  the  laboratory  as  any  other  Infu- 
soria which  I  have  cultivated.  Similarly,  in  twelve  races 

3.  Three  other  races  from  another  source, resembling  closely  the 
eight  here  described, ware  found  to  develop  a  green  coloration 
after  about  one  month  in  the  laboratory, thus  proving  their 
identity  with  Par.bursaria.  Accompanying  the  increase  in  the 
number  of  algal  cells  in  their  bodies, the  Paramoeeia  became 
larger  and  much  more  truncated  anteriorly. 
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of  Coipidium  colpoda, studied  imder  axr^srimental  as  wall  as 
natural  conditionr?,!  hav©  never  observed  a  single  conjugating 
pair, and  these  cultures  grew  much  better  than  any  of  the 
Paramo ecium  cultures  which  I  have  handled. 

The  view  which  I  have  ba^n  led  to  adopt  regarding 
the  final  disappearance  of  conjugation  in  previously  conju- 
gating stocKs,ls  that  It  is  a  phenomenon  accompanying  some 
particular  type  of  progressiva  adaptation  of  the  organisms 
to  their  environment.  Just  what  the  nature  of  this  adjust- 
ment may  be  is  less  clear, but  indications  are  that  it  is  in 
some  way  bound  up  with  fission-rate. 

A  comparative  study  of  division  rate  as  such, in 
the  various  races  of  Paramoecium  here  treated, shows  that  there 
is  no  simple  correlation  between  high  or  low  division  rate 
and  a  strong  tendency  to  conjugate.  Amongst  those  races 
having  a  high  rate  of  fiasion  and  resembling  each  othar 
closely  in  size  and  appearance, there  are  those  which  conjugate 
repeatedly  and  those  which  do  not;  and  the  same  may  be  said 
for  the  slowly  dividing  strains. 

But  it  seems  probable, in  the  light  of  our  experi- 
mental knowledge, that  there  is  an  indirect  connection  between 
conjugation  and  fission-rate.  Whenever  conjugation  occurs  in 
a  -culture  en  masse, it  usually  does  so  after  a  period  of  ac- 
celerated division.  This  relation  has  been  emphasized  by 
several  investigators  working  with  many  diverse  genera  of 
Infusoria, both  free  living  and  parasitic,  in  fact  Maupas 
regarded  it  as  one  of  the  primary  conditions  preceding  a 
conjugation  epidemic  In  the  many  species  which  he  studied, 
and  applied  it  practically  in  his  work. 
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In  further  support  of  this  view — that  conjugation 
is  conditioned  by  a  preliminary  period  of  increased  division — 
we  may  recall  the  effects  produced  by  adding  salts  to  the 
cultures  of  Par.aurella  when  renewed.  In  a  medium  of  sodium 
nitrate  (of  .001  to  .005M  concentration)  conjugation  is 
almost  invariably  augmented  in  this  species  { Of ., however, race 
lb  to  the  contrary, which  conjugated  as  well  in  an  aqueous 
medium).  Oftentimes  conjugation  can  be  elicited  in  such  "salt 
cultures"  when  none  occurs  In  the  controls  renewed  with  an 
aqueous  medium.  It  may  be  shown  very  easily  by  means  of  slide 
cultures, changed  daily, that  NaN03  in  such  concentrations  acts 
as  a  stimulant  to  growth,  Th*^   division  rate  in  these  treated 
lines  may  be  maintained  at  a  considerably  higher  level  than 
that  of  th<?  controls  for  at  least  two  weeks  (table  VIII). 
Some  races  apparently  do  not  tolerate  the  continuous  action 
of  the  salt  and  die  after  two  or  three  days  of  accelerated 
growth, — and  the  death  rate  is  greater  in  any  race  so  treated 
than  in  the  controls.  These  observations  apply  to  races  of 
both  species  of  Paramo ecium, but  only  occasionally  is  a  race 
of  caudatum  found  which  will  tolerate  the  action  of  the  salt 
as  used  in  these  experiments. 

J.Spek  ( '19)  has  conducted  similar  experiments  on 
Par. Cauda tiim, using  various  salts  in  the  medium, and  finds  that 
many  of  these — in  particular  those  of  lithium  and  sodium — 
tend  to  accelerate  flgsion-rate. 

My  experiments  upon  Paramoecium  using  MgS04  in  the 
culture  medium  indicate  that  this  salt  has  a  depressing 
effect  upon  growth.  Most  races  become  readily  adapted  to  a 
.OIM  concentration, and  may  continue  to  live  for  months  in 
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such  cultures  to  which  hay  has  been  added.  The  division  rate 
is  not  appreciably  diminished  by  this  salt,altho  extensive 
experiments  may  yield  more  definite  results  than  I  have  thus 
far  attained.  In  the  few  conjugation  experiments  in  which 
MgS04  was  used  (P.aurella)  the  results  were  negative, except 
when  the  solution  was  used  indirectly  to  increase  the  osmotic 
concentration  of  the  medium  in  a  derived  culture.  These  cul- 
tures,when  renewed  with  such  a  me diiim, continued  to  live, but 
failed  to  grow  with  sufficient  rapidity  to  develop  the 
initial  impulse  to  conjugate  (ex  hirpothese). 

Considering  now  the  second  condition, or  antecedent, 
to  conjugation, namely  that  of  subjecting  the  cultures  to  a 
period  of  dormancy, — we  find  few  facts  to  guide  us  in  inter- 
preting the  results.  I  have  been  Inclined  to  view  this  phase 
in  the  life-history  as  a  period  characterizing  the  major 
poi»tlon  of  an  infusorlan's  existence  in  nature.  The  stages 
of  rapid  multiplication  such  as  we  find  in  fermenting  hay 
cultures  in  the  laboratory, are  of  rather  exceptional  occur- 
rence in  ponds  and  streams.  They  represent  periods  calling 
for  rapid  readjustment  to  new  and  ever  changing  situations. 
At  such  unusual  periods  the  division  rate  is  probably  at  Its 
height, and  it  is  conceivable  that  a  regulation  in  division 
may  supervene  in  course  of  tine  if  the  new  conditions  are 
long  maintained.  It  is  a  matter  of  frequent  comment  by  in- 
vestigators that  conjugation  occurs  most  readily  in  cultures 
which  have  but  recently  been  brot  into  the  labotatory  and 
subjected  to  conditions  which  favor  rapid  multiplication. 
Secondary  conditions, such  as  a  sudden  alteration  in  the 
amount  of  nutriment, or  treatment  with  salts, nay  enhance  the 
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possibilities  of  obtaining;  con;jugatlon  on  masse*  But  the 
more  effective  condition  for  most  races  is  that  they  shall 
have  multiplied  extensively, after  a  previous  period  of  dor- 
mancy. Only  occasionally  do  conditions  in  nature  approximate 
those  in  a  fermenting  hay  culture, as  when  a  small  pool, con- 
taining decaying  vegetation, dries  up.  So  that  the  majority 
of  animals  brot  into  the  laboratory  from  ponds  snA   streams 
would  be  in  essentially  the  same  resting  state  as  those  in 
a  dormant  culture  In  the  laboratory. 

If  any  regulation  in  division  rate  does  occur  in 
organisms  subjected  to  conditions  favoring  rapid  growth, one 
ought  to  be  able  to  test  it  experiment ally, using  two  cultures 
of  the  same  strain, one  of  which  had  lain  dormant  for  several 
months, the  other  having  undergone  continuous  growth.  Such  a 
regulation  has  been  demonstrated  by  Jollos  ( '13)  in  Paramoecia 
when  subjected  to  a  higher  temperature.  Lines  which  had  been 
growing  at  19°, after  being  transferred  to  31<*   divided  at  a 
rate  of  9  per  48  hr .period;  after  six  months  at  this  ten^era- 
ture, however, at  the  rate  of  7.  The  preliminary  experiments 
which  I  hav$  conducted  with  a  small  number  of  lines  do  indi- 
cate that  dormant  animals  are  capable  of  dividing  faster  at 
first  than  those  taken  from  a  continuous  culture, — and  this 
is  in  agreement  with  general  observations  upon  mass  cultures 
when  renewed.  But  more  extensive  experiments  are  needed  before 
this  relation  can  be  said  to  be  established. 
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Furthar  support  for  th«  view  that  cjonjugation  Is 
initiated  by  a  period  of  unregulated  division  is  obtained 
from  the  records  of  flsslon-rate  In  strains  which  conjugate 
at  regular  Intervals.  As  pointed  out  by  Hertwlg  (  »89),and 
fully  demonstrated  by  Jennings  (  »13),the  most  apparent  Im- 
mediate effect  produced  by  conjugation  is  a  decrease  in 
flssion-rate.  This  lowering  tends  to  disappear  completely  in 
about  two  months  (  P.caudatum).  My  observations  on  conjugating 
strains  Indicate  a  similar  condition  which  may  be  repeated 
after  each  recurrence  of  the  process;  and  this  has  led  me  to 
think  that  the  periodicity  in  conjugation  may  in  some  way  be 
controlled  by  this  tendency  for  fission-rate  to  increase  gra- 
dually to  a  high  point.  This  is  the  essential  idea  Involved 
In  Hertwlg»s  explanation  of  conjugation  (1889)  as  a  process 
following  a  period  of  unregulated  divlslon,altho  he  recog- 
nized also  an  alternative  process  of  nuclear  reorganization 
( "part henogenl sis"  )  in  Par.aurelia.  He  says  (p. 226  and  ff . ) — 
"Fur  das, was  loh  bewelsen  mochte,genugen 
die  Resultate  in  ihrer  jetzlgen  aphoristischen  Form; 
sle  zeigen,dass  fortgesetzte  Theilungen  Im  Infusor 
elne  Nelgung  zur  Conjugation  veranlassen,dass  aber 
eln  iciinstiicher  Verhinderung  der  Vereinigung  die 
Theilungen  in  lebhafter  Weise  fortgesetzt  werden, 
bis  eln  Moment  eintritt,in  welchem  oline  Conjugation 
ein  Ersatx  des  Hauptkems  durch  Abkoraralinge  des 

Nebenkems  eintritt, 

"Wer  die  Conjugation  der  Infusorlen  erklaren 
will, muss  dem  Gesagten  zufolge  mit  2  Erscheinungen 
rechnen:  1. fortgesetzte  Theilungen  ohne  Conjugation 
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"  fiihren  zum  Untargang;  2.trotzdeTn  bositzt  das  Infusor 
zur  Zsit  dor  Conjugation  iwi vermin de?te  Oder  eogar 
©rhohto  Theilfahigkeit.  wenn  wir  ButscMi's  Theorie 
zu  Orund^  legen,3tehen  belde  Satzo  mltelnander  Im 
Wlderspruche;  sio  sind  aber  oofort  In  Einklang  zu 
brlngen,wenn  wir  ann'?hmen,dass  zur  Zelt,wo  die  Oon- 
iugatlon  elntritt,nlcht  eine  herabgesetzte,sondem 
eine  ubermassig  ©rhohte  Lebensenergle  besteht,  Dann 
hat  die  Con;)ugatlon  nicht  den  Zweolc,dle  Lebensener- 

gle  noch  welter  zu  steig©rn,8ond«rn  die  gestelgerte 
Lebensthatlgkelt  bo  zu  regulleren,dass  sie  nicht 
zur  Zerstorung  des  Organisms  fiihrt;  sie  hellt  nicht 
dJ.e  durch  physiologische  Usur  ©ntstandenen  Defecte  , 
sondem  verhindert,dass  derartlge  Defecte  durch 
Uobermass  der  Function  ontstehen". 
His  later  observations  ( '04)  on  Dlleptus  are  liXewlse  in 
accord  with  this  earlier  expressed  view. 

The  following  observations, which  were  made  at  va- 
rious times  during  the  course  of  my  worlc,have  a  bearing  upon 
this  point.  In  the  race  44a,  of  Par .caudatum, started  Sept .23, 
1919, from  an  exconjugant ,the  fission-rate  was  found  to  attain 
to  a  maximum  during  the  period  from  Nov. 15  to  Nov, 28  (8th. 
and  9th,weeks)  In  four  lines  started  in  October.  And  it  was 
at  this  time, also, that  conjugation  was  extensive  in  the  stocK 
culture  of  44a.  commencing  on  No v. 16  and  lasting  until  Dec. 15 
(8th, to  llth.weeks).  From  exconjugants  of  this  culture  six- 
teen new  lines  were  started — 44b  (l)  to  (8),  two  lines  from 
each.  Both  lines  of  44b  (5)  died  after  six  weeks, but  from 
the  remaining  strains, four  mass  cultures  were  derived:  44b( 2  ) 
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and  44b  (  3 )  on  Jan»9,  44b  (7)  and  (  8 )  on  Jan. 21,1930.  Conju- 
gation occurred  extensively  in  three  of  these  mass  cultures, 
during  approximately  the  same  period  of  tine  in  each, begin- 
ning on  Jan,?iO  in  44b  (7)  and  lasting  until  Peb.27,  Just 
preceding  conjugation, during  the  tenth  weeK,the  fission-rate 
in  the  slide  cultures  reached  the  highest  point  which  it  had 
attained  since  the  second  week  following  the  previous  conju- 
gation, as  shown  by  the  average  number  of  divisions  weekly 
for  all  the  lines.  (This  first  maximum  may  possibly  represent 
a  compensatory  tendency  after  the  drop  iramedlately  following 
conjugation, for  the  average  rate  for  the  first  two  weeks  is 
less  than  that  for  the  second  two  weeks.)  New  strains  were 
again  started  from   exconjugants  of  the  culture  44b  ( 2  )   on 
Feb. 2, 1920, and  were  designated  44c  (l)  to  (12),  From  the 
six  which  survived, mass  cultures  were  started  on  Feb. 16,  and 
in  two  of  these  conjugation  set  in  at  the  end  of  the  fourth 
week.  The  fission-rate  for  these  two  strains  attained  its 
maximum  during  the  fifth  week.  A  similar  set  of  experiments 
was  conducted  using  forty  exconjugant  strains  derived  from 
one  of  the  above  cultures, and  designated _44d  (i)  to  (40). 
Twenty  mass  cultures  were  started, and  in  six  of  these  conju- 
gation occurred, setting  in  during  the  fourth  week  in  each  one 
The  fission-rate (in  four  lines  of  each  strain)  attained  its 
highest  point  at  about  the  third  week.  It  is  significant  in 
this  connection  to  note  that  in  almost  every  instance  conju- 
^tion  occurred  in  rapidly  dividing  strains.  Slow  strains, 
altho  derived  originally  from  exconjugants  of  the  same  race, 
do  not  con jugate, even  after  a  period  of  three  months  has 
elapsed. 
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These  experiments  bring  out  an.other  point  which 
has  already  been  touched  upon  (p.3??).  There  appear  to  be 
racial  diversities  amongst  the  exconjugant  strains, originally 
from  the  same  race.  When  a  particular  strain  shows  a  tendency 
to  undergo  depression, all  of  its  four  lines  may  be  affected, 
and  frequently  all  die  at  about  the  same  time  (usually  at 
the  end  of  four  to  six  weeks), — whereas  In  the  four  lines  of 
some  other  strain  no  depression  may  occur  at  this  time. 

My  experiments  with  Par.aurella  likewise  support 
the  view  set  forth  above:  that  conjugation  occurs  at  about 
the  tine  when  division  is  at  its  maximum, or  shortly  afterward. 
Thus, In  the  strains  of  ^5k  (see  p. 41)  the  fission-rate  was 
highest  during  the  second  week, and  conjugation  occurred  (in 
one  culture  )  during  the  third  week. 

All  this  lends  support  to  the  hypothesis  that  it 
is  the  unusual  conditions  of  rapid  growth  which  favor  conju- 
gation* Circumstances  which  favor  rapid  growth  may  likewise 
favor  conjugation.  Abundsjit  nutriment , and  the  presence  of 
reagents  which  stimulate  growth  without  harming  the  organisms, 
act  in  this  way; but  for  these  conditions  to  operate  most  ef- 
fectively the  organisms  themselves  must  have  come  from  freely 
conjugating  strains, rendered  potentially  more  capable  of  ra- 
pid division  tliru  dormajicy. 
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TABLES  OP  EXPSRIIvtaWTS. 

Following  Is  a  tabulation  of  resfulte  obtained  in 
exp«rlm«nt3  dasigned  to  induce  conjugation  in  th«  various 
races  of  Paramoecium  (aurella  and  caudatum).  The  tables  in- 
dleatft  how  long  each  culture  was  subjected  to  dormancy, when 
renewed, and  the  nature  of  the  medium.  Distilled  water  (and 
hay  infusion)  was  used  excf^pt  as  otherwise  Indicated.  The 
concentrations  of  "salt  cultures"  are  expressed  as  final 
concentrations  for  the  sj^lts  in  question. 

♦  The"Na+Ga  solution"  used  in  many  experiments  was  composed 
of  100  parts  N  sol. of  NaNO^  +   5  parts  N  sol. of  Ca(N05)2  + 
2  parts  N  sol. of  NaHCOS;  the  dilutions  given  being  expressed 
in  terms  of  the  concentration  of  the  NaN03. 
Conjugation  is  expressed, when  absent  as  "none*;  when  present 
in  terms  of  the  percentage  Involved  (approximate).  •♦Casual" 
conjugation  is  about  one  percent,, or  less, or  an  Indefinite 
small  number. 

Unless  otherwise  stated, the  experiments  with  salts  (and  other 
reagents)  given  in  the  last  column, were  conducted — using  one 
part  of  culture  containing  numerous  Paramoecla  and  three 
parte  of  the  reagent. 
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dormant 

date  renewed; 

con Jug. in  re- 

sub-cultures 34  hrs. after 

oulturo 

cult .medium 

newed  culture 

treatment : conjugation 

A.  Apr. 11 

none 

Apr. 18, untreated 

none 

( aqueous  ) 

B.Apr. 33 

none 

Apr, 38, untreated 

.   n 

( aqueous  ) 

May  3,+NaN03(  .OOIN) 

" 

Sail 

"   3,*FeC13(  .00003N) 

" 

C.May  9 

none 

"  14;-NaN03(  .OOIN) 

It 

Mar. 38, 

( aqueous  ) 

«  14,+FeC13(  .00003N) 

It 

1919. 

D.May  28 

none 

"  36,+NaM03(  .0011}) 

" 

( aqueous  ) 

"38,    "      " 

"  3e,+FeC13(  .00002N) 
"  38, 

n 

A. Apr. 11 

none 

Apr . 14 ,untreat  ed 

" 

( aqueous  ) 

"14,    " 

•t 

B.Apr. 33 

none 

"   98, 

It 

( aqueous  ) 

May  3,+Na>J03(  .oolN) 

3,+FeC13{  .00002N) 

n 

C.May  3 

none 

"  14, untreated 

It 

(  aqueous  ) 

"   l4,+NaN03(  .OOIN) 

"   17,    " 

"   19,    " 

"   14,+FeC13(  .00002N) 

"17, 

It 
It 
•   It 
It 
•t 

6all 

"   19.    " 

» 

D.May  33 

none 

"   36,+NaN03{  .OOIN) 

n 

Mar ,38, 

(  aqueous  ) 

"   33,    "      " 

It 

1919. 

"   36,-^FaG13{  .00003N) 
"   23,    » 

It 
It 

El. June  6 

none 

Junel4 , 3gc .culture+ 

"Na+Ca  sol: 

lCC.FeC13(  .0003N)  » 

(  . OIN ) 

"  14,6cc.culture+ 

lGC.FeC13(  .0003N)  " 

"   14,->-Na+Ca(  .OIN) 

It 

"   14,    "   (.03N) 

« 

"18,    "   (.OIN) 

It 

"  18,l0cc.culture+ 

lGe.rer;i3(  .0003N 

)  " 

E2.June  6 

none 

Junel4,+"tap-water" 

( aqueous  ) 

"  14,+NaN03(  .OOIN) 
"   14.+FeC13(  .00003N) 

A.  Apr. 11 

Apn.i2:one 

Apr . 14 , untreated 

P.caud. 

( aqueous  ) 

pair  of  Cau- 

17all 

da  tum  . 

+ 

B.Apr. 33 

none 

Apr. 25, untreated 

" 

P.aurel. 

{ aqueous  } 

13a 

C.J^ay  9 

P. Cauda tum: 

May  l4,+NaK'03(  .OOIN):  — 

( aqueous  ) 

May  14:3-5'^) 

p.caudatum 

20-3o^ 

Apr. 5, 

p.aurella: 

"F.aureiia 

5% 

1919 

May  13, casual 

May  14,+Feci3(  ,00002N)- 

(mixed) 

«  14,   " 

P.caudatiim 

30-50% 

"   16,10-30% 

P.aurella 

casual 

"   17,  5-1  Oyo 

55 


Table   II 


Paramo ecium 

strain 

dorman  t 
culture 

date  renev/ed; 
cult, medium 

conjugation  in  the 
renewed  culture. 

I7alll 

Mar. 15, 
1919. 

Ma^..3i 
( aqueous  ) 

Apr,  10, about  30^ 
"     11,      -       2(yfo 

P. Cauda turn, 
17alll 

(P.aureila, 
?>3i  added 
on  Mar. .31) 

Mar, 15, 
1919. 

Mar. 31 
( aqueous ) 

P.caudaium: — 
Apr. 10, about  2(^ 
"11,      "        30*^ 

P.aureila:  — 
Apr, 12, one  pair 

P, Cauda turn, 
17aIII 

CF.aurella, 
13a  added 
on  Mar. 31) 

Mar. 15, 
1919. 

Mar. 31 
( aqueous ) 

P. Cauda turn: — 
Apr, 10, casual 

P.aureila: — 
none 

Table  III. 
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(Each  culture  of  the  seven  races  listed  In  the 
first  colunn  was  treated  as  here  indicated. ) 


38b 

Dormant 

Con jug. in 

Experiments  with  each 

39i 

since 

2a, 44a 

race  as  follows:  — 

44a 

Nov. 14 

and  57a 

Mar.9,+AlC13(  .00003N) 

57a 

1919. 

(see  p.j6_ 

"   9,+FeC13(  .nr^^OSN) 

43a 

Renewed 

of  paper). 

"  12,+A1C13(  .00003N) 

3a 

on 

"  12,+A1G13(  ,00009N) 

8i 

Mar. 3, 

••  12,-^NaN03(  .OOIN) 

19^50. 

( Results  essentially 
negative. See  p.l6of  paper.) 
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Table   IV, 


dormant. 

date  renewed; 

conjug.ln  re- 

sub-cultures PA   hrs. after 

culture 

cult ♦medium 

1 

newed  culture 

treatment iconjugatlon 

A.Apr. 11 

none 

Apr. 14, untreated 

none 

( aqueous  ) 

B.Apr.?."^ 

none 

Apr .25 , untreated 

» 

( aqueous  ) 

May  3,+NaN03(  .OOIH) 
"  4, untreated 
"  10, 

-  10,+NaN03(  .OOlD) 
"  10.+FeC13(  .00002N) 

5^ 
casual 
none 

C.May  3 

May  13, casual 

"  14,+NaN03(  ,001N) 

» 

ISall 

( aqueous  ) 

"   14,  3-5^ 
•♦   16,   lO^iS 

"  14,+reC13(  ,00002N) 

" 

Mar.J?8, 

D.May  23 

May  30, casual 

May  27,+NaN03(  .OOIN) 

casual 

1919. 

( aqueous  ) 

"  27,+FeC13( .00002N) 

none 

El. June  6 

none 

Juneio .untreated 

It 

( aqueous  ) 

»  10,+NaN03(  .OOIN) 
"  10.-^FeC13(.00001N) 

tt 

ES.June  6 

June  9, casual 

"  10, untreated      : 

casual 

"Na+Ca  son 

"  10,-^Na+Ca  (  ,01N) 

•» 

*(=NaN0i01N 

1 

"  1 0,1 OcG. cultures 

lcc.FeC13(  .OOOIN)  5^ 

"  10, lOcc. cultures 

2gc.F0C13(  .OOOIN)  20^ 
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Table   V. 


dormant 

date  renev/ed 

con, jug. in  re- 

sub-culture 24  hrs. after 

culture 

cult  .medium 

newed  culture 

treatment : conjugation 

A.May  13 

none 

May  17,-vNaN03{  .OOIN) 

none 

( aqueous  ) 

"31           "              " 

" 

3. Hay  26 

none 

"      29 ;+NaN03(  .00111) 

" 

( aqueous  ) 

"31,          »               " 

"      '^9,+FeC13(  .00002N  J 
"31. 

It 

C.June  14 

June   i9,casua]Junel9,+Na+Ca{  .OlN) 

casual 

"Na-f-Ca  sol: 

••         23 ,       " 

"      19,         "      (  .03N) 

» 

14aII 

{  .GIN) 

"     19, Sec. cultures 

lCC.FeC13(  .0002N)      5% 

Apr. 11, 

"      31,+Na+Ca(  .OIN) 

.casual 

1919. 

"21,         "      (.03N) 
"     21,lcc.cultu-pe+ 

lcc.FeC13( .0002N 

:      '6% 

Dl.June  28 

none 

( aqueous  ) 

D2,June  38 

July  3,   1-5% 

July  6,+Na+Ca(  .OlN) 

•none 

"Na+Ca   S013 

»       6, casual 

6,         "      {.015H) 

:  casual 

(  . OIN  ) 
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Table   VI 


ParpjTi.o«clum 
strain 

dormant 
culture 

date  renewed 
cult  .medium 

conjugation  in  the 
renewed  culture 

111 

July^4, 

1919, 

A.  Sept. 19 
( aqueous  ) 

none 

B. sept. 19 

NaW03(  .005N) 

Sept ,26, casual 

Julyg4, 
1919. 

A. Sept. 35 
( aqueous  ) 

none 

111 

B. sept ,25 
NaN03( .OOIN) 

none 

C. Sept. 25 
NaN03(  .008N) 

Sept. 30, one  pair 

D. sept  .35 

NaN03{  .008N) 

Sept, 30, 3-5  pairs 

\ 
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Tab 

le  VII. 

Paramo  ecluni 
strain 

dormant 
culture 

date  renewed; 
cult.modium 

conjugation  in  the 
renewed  culture 

July34, 

1919 

A.  Sept. 30 
( aqueous ) 

Oct.   S,    5-10% 

lb  I 

B.  sept. 30 

NaN03t0025N) 

Oct.   2, casual 

"         3,       5% 

( stock 

culture  j 

C.  Sept .30 

NaIJ03(  .00:S^T) 

Oct,   2, casual 
3,    1-3% 

D, Sept, 30 
Na+Ca(  .005N) 

Oct.   8, casual 
"        3,      " 

July24, 

1919, 

A. Oct. 4 
( aqueous  ) 

none 

M 

B.Oct  .4 

WaN03(  ,001N) 

Oct.   8,   1-3% 
-      10,    1-5% 
"      13,10-15?S 

C.Oct, 4 
>IaN03(  .002N) 

Oct.    8,    5-10^ 
"      13,    1-3% 
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Table  VIII, 


Pararaoecium 

strain; 
duration  of 
exp^flmftnt . 

aqueous  medium 

Na+Ca  med.(  . 

005N) 

NaN03  med.C  .OOSN) 

lines 
12  3  4 

5   6 

lines 
12  3   4 

5   6 

lines 

12   3   4   5   6 

Ist.Sda. 
^Ig:  2d.  5da. 

9   9   9   9 

7   7   8  10 

9 
9 

13  13  13  13 

_   9  11   9 

13 

lOda, 

16  16  17  19 

18 

__  22  24  22 

__ 

lst.5da. 
38a:  2d.  5da. 

6   7 
6   4 

11  10  10  11 
9  10  10   9 

lOda. 

12  11 

20  20  20  20 

lb:  Ist.Sda. 

4   7   5   7 

7   5 

10  12  11  11 

12  11 

11  13  13  10  10  13 

( Division  rate  per  line  in  three  strains  of 
Paramoecium  growing  In  saline  media, as  compared  with 
those  in  an  aqueous  medium.  Hay  infusion  was  used  as  the 
source  of  nutriment .  ) 
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Hoyt  s, Hopkins  was  bom  at  Port  Byron, 111.,  on 
the  14th.  of  February,  18 93.  He  attended  the  hl^rh  3c3hool 
at  Oberlln,o.,and  entered  Oberlin  College  in  1910, talcing 
the  degree  of  Bachelor  of  Arts  in  1914.  The  year  1914- 'IS 
was  devoted  to  advanced  work  in  zoology  at  Oberlin, leading 
to  the  degree. of  Master  of  Arts  in  1915.  In  the  fall  of 
1915  he  entered  the  Johns  Hopkins  University , serving  as  a 
student  assistant  to  Dr^Caswell  Oraye  for  two  years.  Two 
suinmers  were  devoted  to  the  study  of  marine  biology  at 
Woods  Hole, Mass.  He  was  appointed  Adam  T. Bruce  Fellow  in 
Zoology  in  1917, and  again  in  1919, after  having  been  absent 
from  the  university  during:  the  previous  year  while  in 
government  service.  His  subjects  of  study  were  Zoology, 
Chemistry  and  Animal  Physiology. 


